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1Synopsis...
Design and Synthesis ...
A comprehensive summary of the work to be incorporated in the thesis entitled
“STUDIES ON HETEROCYCLIC COMPOUNDS” has been described as under:
STUDIES ON FURAN DERIVATIVES
Furan derivatives are endowed with a variety of biological activities such as anti-
inflammatory, muscle relaxants, antidepressant, antibacterial antidiabetic etc. Our efforts
are focused on introduction of chemical diversity in the molecular frame work in order
to synthesizing active molecule of widely different composition.
With a view to supplement these valid observation, it was contemplated to
synthesize some new chalcones, pyrazolines, cyanopyridines, aminopyrimidines,
cyclohexenones, indazoles, thiazolidinopyrimidines, imidazolinones and dihydropyridines
bearing 5-(m-chloro-p-flourophenyl)-2-furaldehyde nucleus which have been described
as under.
PART-I: STUDIES ON CHALCONES
The chalcones containing an active keto-ethylenic linkage are well known
intermediates in the synthesis of heterocyclic compounds. They are also associate with
wide spectrum of pharmacological activities and industrial applications. They exhibit
various biological activities like antibacterial, antifungal, diuretic, anticancer, antitubercular
etc. They have been found to be applicable for photosensitive materials, polymerization
catalyst, brightening agents, pigments etc. Keeping this in view, it was consider worthwhile
to synthesize some new chalcones and their derivatives which have been described as
under.
SECTION-I : Synthesis and therapeutic evaluation of 1-Aryl-3-[5'-(m-
chloro-p-flourophenyl)-2'-furyl]-2-propene-1-ones
2Synopsis...
Design and Synthesis ...
The chalcones of type (I) have been synthesized by the condensation of 5-(m-
chloro-p-flourophenyl)-2-furaldehyde with different aromatic ketones in presence of 40%
NaOH.
PART-II: STUDIES ON PYRAZOLINES
Pyrazoline derivatives are endowed with different therapeutic activities such as
antibacterial, analgesic, anathelmatic, anti-inflammatory, antitubercular etc. In order to
achieving better drug potential, we have synthesized some new pyrazoline derivatives,
which have been described as under.
SECTION-I : Synthesis and therapeutic evaluation of 1-Acetyl-3-aryl-
5-[5'-(m-chloro-p-flourophenyl)-2'-furyl]-pyrazolines
Pyrazolines of type (II) have been synthesized by the cyclocondensation of
chalcones of type(I) with hydrazine hydrate in glacial acetic acid.
SECTION-II : Synthesis and therapeutic evaluation of 1-Phenyl-3-aryl-
5-[5'-(m-chloro-p-flourophenyl)-2'-furyl]-pyrazolines
Type (II) R = Aryl
Type (I) R = Aryl
O
R
O
Cl
F
O
Cl
F
N
N
CH3
O
R
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O
Cl
F
N
N
R
The pyrazolines of type (III) have been prepared by the reaction of chalcones of
type (I) with phenyl hydrazine in presence of basic catalyst like piperidine.
PART-III: STUDIES ON CYANOPYRIDINES
Pyridine nucleus plays an important role in medicine, agriculture and industrial
chemistry. Cyanopyridine possess antibacterial, antifungal, antidiabetic, anticholesterimic
and antihypertensive activity. They have been also used as dyes for cotton and polyester
fabrics. These findings prompted us to synthesize some new cyanopyridine derivatives
possessing better therapeutic values, which have been described as under.
SECTION-I : Synthes i s and therapeut ic eva luat ion of 2-Amino-3-
cyano-6-aryl-4-[5 '-(m-chloro-p-flourophenyl)-2 '-furyl]-
pyridines
Cyanopyridine derivatives of type (IV) have been prepared by the reaction of
chalcones of type (I) with malononitrile and ammonium acetate.
Type (III) R = Aryl
Type (IV) R = Aryl
O
Cl
F
N
R
NH2
N
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SECTION-II : Synthesis and therapeutic evaluation of 2-Methoxy-3-
cyano-6-aryl-4-[5 '-(m-chloro-p-flourophenyl)-2 '-furyl]-
pyridines
Cyanopyridine derivatives of type (V) have been prepared by the cyclization of
chalcones of type (I) with malononitrile and sodium methoxide.
PART-IV: STUDIES ON AMINOPYRIMIDINES
Pyrimidine nucleus possess remarkable pharmaceutical importance and
biological activities, some of their derivatives occur as natural product, like nucleic acids
and vitamin B. Pyrimidine derivatives used for the treatment of AIDS and as antitumor
agents, These valid observations led us to synthesize some novel pyrimidine in search of
agents having more bioactivities which have been described as under.
SECTION-I : Synthesis and therapeutic evaluation of 2-Amino-6-aryl-4-[5'-
(m-chloro-p-flourophenyl)-2'-furyl]-pyrimidines
Type (V) R = Aryl
O
Cl
F
N
R
N
O CH3
O
Cl
F
N
N
R
NH2
Type (VI) R = Aryl
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Pyrimidine derivatives of type (VI) have been prepared by the cyclization of
chalcones of type (I) with guanidine hydrochloride.
PART-V: STUDIES ON INDAZOLES
Indazole derivatives have drawn considerable attention due to their good phar-
macological activities like antifungal, cardiovascular, sedative and antibecterial. By con-
sidering these valid observations, we have synthesised some new indazoles which have
been described as under.
SECTION-I : Synthesis and therapeutic evaluation of 3-Aryl-5-[5'-(m-
c h l o r o - p - f l o u r o p h e n y l ) - 2 '- f u r y l ] - 6 - c a r b e t h o x y - 2 -
cyclohexenones
Cyclohexenones of type (VII) have been prepared by the condensa tion
of chalcones of type (I) with ethylacetoacetate in the presence of basic catalyst K2CO3.
SECTION-II : Synthesis and therapeutic evaluation of 6-Aryl-4-[5'-(m-
chloro-p-flourophenyl)-2'-furyl]-3-oxo-3,3a,4,5-tetrahydro-
2H-indazoles
O
Cl
F
R
OH5C2OOC
Type (VII) R = Aryl
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F
R
N
H
N
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Type (VIII) R = Aryl
Indazole derivatives of type (VIII) have been prepared by the cyclization of
cyclohexenone of type (VII) with hydrazine hydrate.
PART-VI : STUDIES ON THIAZOLIDINONES
It has been reported that 5-arylidene-4-thiazolidinone derivatives are associated
with wide range of biological activities like antitumor, antileprosy, antitubercular,
antibacterial etc. In order to develop medicinally important compounds, we have
synthesised some new arylidenes shown as under.
SECTION-I : Synthesis and therapeutic evaluation of 2-Arylimino-3-
aryl-5-[5’-(m-chloro-p-flourophenyl)-2’- furylidene]-4-
thiazolidinones
The arylidenes of type (IX) have been prepared by the condensation of
5-(m-chloro-p-flourophenyl)-2- furaldehyde with different thiazolidinones in glacial
acetic acid.
O
Cl
F
S
N
O
N
R
R
Type (IX) R = Aryl
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PART-VII : STUDIES ON IMIDAZOLINONES
Imidazolidinone derivatives have been found to be potent drug in pharmaceutical
and possess a wide range of biological activities such as antihistamine, anticonvulsant,
hypnotic, antiinflammatory, sedative and antithyroid. In search of medicinally important
compounds, we have synthesised some new imidazolinones shown as under.
SECTION-I : Synthesis and therapeutic evaluation of 1-Aryl-2-phenyl-
4-[5'-(m-chloro-p-flourophenyl)-2' -furylidene]-5-oxo-
imidazolines
Imidazolinone derivatives of type (X) have been synthesized by the condensation
of 4-oxo-2-phenyl-5-[5 '-(m-chloro-p-flourophenyl)-2' -furylidene]-oxazole with
different arylamine in pyridine.
PART-VIII : STUDIES ON 1,4-DIHYDROPYRIDINES
1,4-Dihydropyridines possess antihypertensive, cardiovascular, vasodilator,
antitubercular and antimicrobial activities. These valid observations lead us to synthesize
some novel 1,4-dihydropyridines that have been described as under.
SECTION-I : Synthesis and therapeutic evaluation of 1-N-Aryl-2,6-
dimethyl-3,5-dicarbmethoxy-4-[5'-(m-chloro-p-flouro-
phenyl)-2'-furyl]-1,4-dihydropyridines.
O
Cl
F
N
N
O
R
Type (X) R = Aryl
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O
Cl
F
N
CH3H3COOC
R
CH3H3COOC
Type (XI) R = Aryl
1,4-Dihydropyridines of type (XI) have been prepared by the cyclo condensation
of 5-(m-chloro-p-flourophenyl)-2-furaldehyde with methyl acetoacetate and aromatic
amines in acidic medium.
SECTION-II : Synthesis and therapeutic evaluation of 1-N-Aryl-2,6-
d imethyl-3 ,5-d icarbethoxy-4-[5 '- (m-chloro-p-f louro
phenyl)-2'-furyl]-1,4-dihydropyridines.
1,4-Dihydropyridines (XII) have been prepared by the cyclo condensation of
5-(m-chloro-p-flourophenyl)-2-furaldehyde with ethyl acetoacetate and aromatic amines
in acidic medium.
The constitution of all above products has been supported by elemental analyses
and spectral studies like IR, 1H NMR and Mass spectroscopy. The purity of the
compounds synthesized was checked by TLC.
O
Cl
F
N
CH3H5C2OOC
R
CH3H5C2OOC
Type (XII) R = Aryl
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In vitro study on multiple biological activities:
[1] selected compounds have been evaluated for their in vitro biological assay
like antitubercular activity towards a strain of Mycobacterium tuberculosis
H37Rv at a concentration of 6.25g/ml using Rifampin as a standard drug, which
have been tested by Tuberculosis Antimicrobial Acqistion Coordinating Facility
(TAACF) Alabama, USA
[2] All the compounds have been evaluated for their antibacterial activity towards
Gram positive and Gram negative bacterial strains and antifungal activity to wards
Aspergillus Niger at a concentration of 40g/ml. The biological activities of the
synthesized compounds have been compared with standard drugs.

Design and Synthesis ...
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Introduction :
The progress of drug design is extensively driven by the instincts, intuition
and experience of pharmaceutical research scientists. It is often instructive to attempt
to ‘capture’ these experiences by analyzing the historical record that is successful
drug design projects to past. From this analysis the interference draw to play an
important role in shaping our on current and future projects. Towards this region,
we would like to analyze the structures of a large number of drugs.
The focus of drug design has switched from structure oriented to target
oriented research, e.g. development of the antiulcer agent cimetidine . Histamine
was the lead compound for the project and various strategies were used to find an
analog that would prevent it fitting its receptor. Once an antagonist was developed,
a theory was proposed on how it might interact with the histamine receptor at a
molecular level. Further analogs were then synthesized to test theory and the theory
was continuously modified as required.
In the nineteenth century, chemistry developed as a science, both in terms of
experimental procedures and scientific theory. Scientist isolated and purified single
compounds from natural extracts. Method of organic synthesis were developed that
helped chemists altering structures in a predictable way.
A prerequisite for the design of safe drugs is knowledge about the various
metabolic reactions that xenobiotics and endogenous compounds undergo in the
organism. Because pharmacological activity depends on molecular structure, the
medicinal chemist is restricted in the choice of functional groups for the design of
new drugs. Often he finds or she encounters a situation where a structure has
adequate pharmacologic activity but has an inadequate pharmacokinetic profile
(i.e., absorption, distribution, metabolism and excretion). This is because
pharmacology and pharmacokinetic departments in the pharmaceutical industry often
do not collaborate at the early stage of drug development. It is only later, when the
Design and Synthesis ...
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new compound is tested in animals or in humans, that pharmacokinetic disadvantages
become obvious.
Modern drug discovery starts with the identification of a pharmacologic
target that is hypothetically the primary cause of disease. Potential targets include
host cell genes, receptors, signaling systems, organelles and biochemicals such as
enzymes. Additionally, an element of a disease modifying process, such as an
inflammatory mediator, may be a target. Biological processes required for
propagation of infectious agents have also proven to be therapeutically useful
targets; examples include protease and reverse transcriptase of the human immuno
deficiency virus(HIV). Common to all targets selected as therapeutic opportunities
is the hypothesis that some type of pathogenetic linkage exists to the disease-
causing process, rather than to specific signs, symptoms, or effects.
Heterocyclic compounds have great applicability in pharmaceutics because
they have specific chemical reactivity and provides false synthons in biosynthetic
process or block the normal functioning of biological receptors. The inhibition of
amide resonance resulting into more susceptibility of -lactam to nucleophile is
considered at least in part responsible for antibacterial property, apparently by
acetylating transpeptidase and thus inhibiting bacterial cell wall biosynthesis.
Most of the alkaloids which are nitrogenous bases occurring in plants and
many antibiotics including penicillin and streptomycin have also heterocyclic ring
system. Many natural pigments such as indigo, haemoglobin and anthocyanin are
heterocycles. Most of the sugars are their derivatives including Vitamin C for
instance, exist largely in the form of five membered. Vitamin B6 (Pyridoxine) is a
derivative of pyrimidine essential in aminoacid metabolism.
Important drugs, poisons and medicines (both natural and synthetic) such as
sulphathiazole, pyrenthrin, rotenmone, strychnine, reserpine, certain of the
antihistamines, the ergot alkaloids caffeine, cocaine, barbiturates, etc. are
Design and Synthesis ...
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heterocyclic compounds.
The ultimate product of a successful drug design effort. Our goal for this is
to begin to deconvolute this information in order to apply it to design of new drugs.
Taking in view of the applicability of heterocyclic compounds, we have
undertaken the preparation of heterocycles bearing pyrazole nucleus. The placement
of a wide variety of substituents of these nuclei have been designed in order to
evaluate the synthesized products for their pharmacological profile against several
strains of bacteria and fungi.
AIMS AND OBJECTIVES :
 To generate several derivatives like chalcones, pyrazolines, cyanopyridines,
cyanopyridones, cyclohexenones, indazoles, aminopyrimidines, thiazolidinones,
thiopyrimidines, oxopyrimidenes and imidazolines bearing pyrazole moiety.
 To characterize these products for structure elucidation using spectroscopic
technique like IR, PMR and Mass spectral studies.
 Purity of all compounds have been checked by thin layer chromatography.
 To evaluate these new product for better drug potential against different strain of
bacteria, fungi and for antitubercular activity.

Design and Synthesis ...
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Studies on Furanes...
INTRODUCTION
Furan derivatives comprise an industrially significant class of heterocyclic
compounds. The furan ring system is found in many naturally occuring compounds,
either as a fully unsaturated structure or in a reduced or partly reduced form. Typical
furan radicals are 2-furyl (I), 2-furfuryl (II), 2-furoyl (III) and 2-furfurylidene (IV).
Reactivity of the furan nucleus is directly related to the electron density at
particular ring atoms. Canonical forms (Va) through (Vd) represent the overall
electron distribution. Centers of high electron density at thepositions of the ring
are readily supported by the behavior of furans in electrophilic substitution reactions.
Such reactions proceed with great facility at an position.
Furans which occur in nature in a reduced or otherwise modified form include
pentose sugars such as ribose and deoxyribose, which are components of nucleic
acids, and several types of unsaturated ³-lactone such as ascorbic acid (VI).
O O O
CO CH
O
CH2
(I) (II) (III) (IV)
O O
+
OO
+
O
O
OH
OH
HOH2C
CH3
H
H
(VI)
(Va) (Vb) (Vc) (Vd)
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Studies on Furanes...
Furfural or 2-furaldehyde, the best furan compound, was discovered accidentally
in 1832. The nitrofudam (VII) shows antidepressant activity and ranitidine (VIII)
shows antiulcer activity which possess substituted furan ring.
SYNTHETIC ASPECT
Various methods for the preparation of furan derivatives have been cited in
literature.1-5
1. Diazotized solution of p-aminobenzoic acid with furfural gives 4-[2'-
(formyl) furyl] benzoic acid.6
2. H. Surya Prakash et a l .7 have prepared diarylfuran derivat ives f rom
but-2-ene-1,4-diones / but-2-yne-1,4-diones using formic acid in the
presence of a catalytic amount of palladium on carbon and in poly ethylene
glycol medium under microwave irradiation (1-5 min.)
2. Sabine Thielges et al.8 have synthesized furan derivatives (ss) from o-(2,2-
dibromovinyl)-phenyl, aniline or acetanilide using tandem Pd as catalyst.
O
NH2
NH
NO2
O
S
NH NH
NO2
CH3
(CH3)2
NH2
(VII) (VIII)
Ar
O
Ar
O
HCOOH, 5%Pd/C
Conc. H2SO4(cat)
PEG
Microwave irra.
1-5 min.
O
Ar
Ar
PEG
Microwave irra.
1-5 min.
HCOOH, 5%Pd/C
Conc. H2SO4(cat)
Ar
O O
Ar
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4. Yawu Li et a l . 9 have syn thes iz ed fu ran der iva t ives f rom 2-acetyl -3 -
hydroxymethylthiophene by using Wilkinson’s catalyst.
THERAPEUTIC EVALUATION
Furan derivatives have been found to possess large number of biological
activities as under:
1. Pesticidal
10
2. Antifeedent11
3. Antiviral and Anti-HIV12
4. Insecticidal13,14
5. Antifungal and Antineoplastic15
6. Antitumor16,17
7. Anticancer18,19
8. Herbicidal20
9. Antiinflammatory21
10. Antimalarial22
11. Antagonists23,24
12. Antidepressant25
Several furan derivatives reported to possess pharmacological activity whose
structures are shown below.
OH
Br
Br Pd(O)
HP(O)(OEt)2 or
ArB(OH)2
O
R
S
OH
R
R1
O
Rh(PPh3)3Cl
H2 / Benzene
S
O
R
R1
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O
O2N
N N
NH
O
O
O
O2N
N N
NH2
O
O
O
N
O
Cl
Cl
ONH
COOH
Cl
S
O
NH2
O
O
O2N
N N S
O
O
CH3
N COOH
O
NO2
O
O
N
N
CH3
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Oomura O. et al.26 have prepared furan derivatives which shows antiulcer
act iv i ty. Hul in B.27 has synthesi sed benzofurans as hypoglycemic and
hypocholesteremic agents. Nishimura Y. and co-workers28 have assessed
furfurylthioacetic acid derivatives as intermediates for pharmaceuticals and
agrochemicals. O’Malley and Hedtmann29 have evaluated furan derivaives as
acetylcholinesterase inhibitors. Preparation of furan derivatives (X) for inhibition
of pneumocystis carinii pneumonia, giardia lamblia and cryptosporidium parvum
have been undertaken by Boykin David et al.30
Smith S. et al.31 have synthesised furan derivatives as PAF antagonist.
Matsuno H. et al.32 have demonstrated furan derivatives as insecticides. Toyoo N.
et al.33 have reported amidinonaphthyl furancarboxylate derivatives which are useful
for treatment of arthritis and nephritis. Furan derivatives have been evaluated as
cox-2-inhibitors.34
Recently, Jochen Zimmermann et al.
35
have synthesised 2,5-diphenylfuran
derivatives and reported as -estrogen receptorYeh Long Chen and co-workers36
have synthesized some furan derivatives (X) and reported their cytotoxic and anti-
inflammatory activity.
O
R3 R4
R2R1
(IX)
N
O
O
CH3
O
(X)
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Benzofuran compounds useful for treatment of post menopausal syndrome
and aortal smooth muscle cell proliferation, which have been synthesised by Bryant Henry
et al.37 Aminoalkoxybenzylbenzofurans showing estrogenic activity have been reported38
Matsuo M. et al.39 have prepared thiazolylbenzofurans (XI) as leukotriene and SRS-A
inhibitors.
Furan derivatives possess plant growth regulatory activity40. Antitumor activity
of furopyrimidines (XII) have been observed by Vivian Cody et al.41
Anti-HIV active furan derivatives have been claimed by Battistino L. et al.42
Preparation of some 3,4-diacyloxyfurans as prodrugs for antioxidants have been
undertaken.43 Baker Robert et al.44 have evaluated immunosupressant activity of furan
derivatives. Benzofuro [3,2-b] pyridines have been reported as mixed ETA/ETB and
selective ETB endothelin receptor antagonists.45 Y. Cheng46 have described furan
derivatives, which are useful as inhibitors of cox-2. Preparation of aryl furan derivatives
as PDE IV inhibitors47 have been studied. Nguyen et al.48 have synthesised furan
derivatives which possess antibacterial and antifungal activity.
O
S
N
N
CH3
N N
N
H
N
t-Bu
(XI)
N
N
O
NH2 NH2
N
CH3 NH
O
HOOC O
OH
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Antitumor activity of some furan derivatives (XIII) have been reported by M.
Hranjec et al.49 Rocio Pozas and co-workers50 have designed and synthesized some
furan derivatives (XIV) and reported as antitrypanosomal activity. Antonio J Moreno
Vargas et al.51 have synthesized furan derivatives and reported as selective -
galactosidaseinhibitor
Furan derivatives have been demonstrated as psychotherapeutics.52 Furopyridines
and related compounds have been synthesised as p-38 MAP kinase inhibitors.53 Wang
Z. et al.54 have prepared furan derivatives as selective oxygenase-2-inhibitors. Furan
derivatives (XV) has been studied which shows cardiovascular activity.55 Furan derivatives
(XVI) having highly selective antagonistic action56 on a muscarine M3 receptor have
been reported.
El Nabawia et al.57 have studied furan derivatives and reported their
antimicrobial activity. Furan derivatives as antiallergic and antiinflammatory agents
have been investigated.58
O
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Sui Zhihua and co-workers59 have synthesised benzofurans as antagonists of
gonadotropin releasing hormone. Hennequin L. and co-workers60 have reported
benzofuranyl substituted 3-cyanoquinolines which are useful in the treatment of solid
tumors. Heyong Gao et al.
61
have synthesized furan derivatives (XVII) and reported as
antitumor agent.
Difuran derivatives (XVIII) useful as antifeedant agent have been reported62
Buckleu G. et al.63 have reported furan derivatives (XIX) which are useful in the treatment
of asthma.
Some furan derivatives have been studied for their antimicrobial activity.64,65
Furan derivatives possessing antiviral activity66 have been reported. Tulshian D. et al.67
have synthesised furan derivatives as adenosine Aza receptor antagonists. Furan
derivatives have been evaluated as human hormone sensitive lipase inhibitors.68
Edwim A. Klein Gebbimck et al.
69
have synthesised 2-substituted 2,3-dihydrofuran-
3-ols and reported their insect antifeedant activity.
NO
N O
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R2
O
O
OH
CH3
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OO
Ph
Ph
O
CH3
CH3
(XVIII) (XIX)
N
O
Et
H3CO
NHN O
Cl
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Antifungal activity of furan derivatives have been reported Milan Pour and co-
workers.70 Kuan Han Lee and Bor Ruey Huang71 have synthesized furan derivatives and
reported as cytotoxic agents. they are highly cytostatic for leukaemia cells but are not
cytocidal. E. C. Row et al.72 have reported furan derivatives (XX) as CYP3A4 inhibitors.
Thus, the important role displayed by furan derivatives for various therapeutic
and pharmaceutical activities prompted us to synthesize some new pyrazolines,
cyanopyridines, aminopyrimidines, cyclohexenones, indazoles, thiazolidinones,
imidazolines, and 1-4,dihydropyridines bearing furan nucleus. These studies are described
in the following parts.
STUDIES ON FURAN DERIVATIVES
PART - I : STUDIES ON CHALCONES
PART - II : STUDIES ON PYRAZOLINES
PART - III : STUDIES ON CYANOPYRIDINES
PART - IV : STUDIES ON AMINOPYRIMIDINES
PART - V : STUDIES ON INDAZOLES
PART - VI : STUDIES ON THIAZOLIDINONES
PART - VII : STUDIES ON IMIDAZOLINES
PART - VIII : STUDIES ON 1,4-DIHYDROPYRIDINES
(XX)
O O O
O
CH3
CH3
CH3
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INTRODUCTION
The chemistry of chalcones have generated intensive scientific studies throughout
the world, specially interesting for their biological and industrial applications. Chalcones
are coloured compounds because of the presence of the chromophore and auxochromes.
They are known as benzalacetophenones or benzylidene acetophenones. Kostanecki
and Tambor
1
gave the name Chalcone.
Chalcones are characterized by their possession of a structure in which two
aromatic rings A and B are linked by an aliphatic three carbon chain.
(I)
The alternative names given to chalcones are phenyl styryl ketones,
beanzalacetophenone, -phenyl acrylphenone, -oxo--diphenyl--propylene and
-phenyl--benzoethylene.
SYNTHETIC ASPECT :
A considerable variety of methods are available in literature for the synthesis of
chalcones. The most convenient method is the one, that involves the Claisen-Schimidt
condensation of equimolar quantities of an aryl methyl ketones with aryl aldehyde in
presence of alcoholic alkali.
2
Several condensing agents used are alkali of different strength
3,4
hydrochloric
acid,
5,6
phosphorous oxychloride,
7
piperidine,
8
anhydrous aluminium chloride,
9
boron
trifluoride,
10
aqueous solution of borax,
11
amino acids,
12
perchloric acid
13
etc.
O
A B
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MECHANISM :
Chalcone formation proceeds through Aldol type condensation and the
process is catalyzed by the presence of alkali.
14
Following are the steps of the
reaction mechanism.
The intermediate Aldol type products formed readily undergoes dehydration even
under mild condition.
REACTIVITY OF CHALCONES :
The chalcones have been found to be useful for the synthesis of variety of
heterocyclic compounds are as under.
(a) Chalcones with monoethanolamine in ethanol gives 1,4-oxazipines.
15
(b) Chalcones with 2-amino thiophenol in acetic acid produces 1,5-thiazepines.
16
(c) Chalcones on reaction with semicarbazide hydrochloride in ethanol affords
1-carboxamide pyrazolines.
17
(d) Chalcones on reaction with 2-aminopyridine in glacial acetic acid affords
pyridopyrimidines.
18
(e) Oxirane
19
can be prepared by the reaction of chalcone with H2O2 in basic
media.
Ph
C
O
CH2
H
+ HO
Ph
C
O
CH2
+
Ph
C
O
H Ph
C
O
Ph
O
Ph
C
O
PhPh
C
O
Ph
OH
-H2O
H
+
-OH-
-
HO-
-
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+
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(f) Cyanopyridone
20
derivatives can be prepared by the condensation of chalcone
with ethyl cyanoacetate.
(g) Chalcones on reaction with barbituric acid gave barbitone
21
derivatives.
(h) Chalcone gives imine derivatives with amine in presence of sulfuric acid as
catalyst.
22
(i) Pyrazoline
23
and its derivatives can be prepared by the condensation of
chalcones with hydrazine hydrate and acetic acid.
(j) Chalcones on condensation with malononitrile and ammonium acetate yields 2-
amino-3-cyano pyridines.
24
(k) Isoxazoles
25
can be prepared by the treatment of chalcones with hydroxylamine
hydrochloride and sodium acetate.
(l) Chalcones on condensation with malononitrile in pyridine forms 2-amino-3-cyano-
pyrans.
26
(m) Ch a lco nes on t rea tmen t wi th u rea in p res ence of a lk a l i a f fo rds 2 -
oxopyrimidines.
27
(n) Chalcones on reaction with thiourea in presence of alkali/acid yields 2-
thienopyrimidines.
28
(o) Chalcones on treatment with guanidine hydrochloride in presence of alkali affords
2-amino pyrimidines.
29
(p) Chalcones react with P2S5 yielded 2-isothiazolidines.
30
(q) Chalcones react with sodium nitrile in presence of glacial acetic acid in ethanol
produces 2-1H-pyrimidines.
31
THERAPEUTIC INTEREST :
Chalcones are potential biocides, some naturally occurring antibiotics and
amino chalcones probably own their biological activity due to the presence of
-unsaturated carbonyl group. Few of them are as below.
1. Antiallergic
32
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2. Antiinflammatory33,34
3. Antitumor
35 ,36
4. Antispasmodic37
5. Antiulcer38,39
6. Anthelmintics
40,41
7. Anticancer42,43
8. Antiviral and Antitubercular44
9. Anti HIV
45
10. Bactericidal46,47
11. Cardiovascular48
12. Fungicidal
49-51
13. Herbicidal52
14. Insecticidal53-55
15. Antileishmanial
56
Ni Liming et al.57 have synthesized chalcones and screened for their
antiinflammatory and cardiovascular activity. Kumar Srinivas et al.
58
have
synthesized chalcones as a antitumor agent. Ko Horng-Huey et al.59 have reported
chalcones as antiinflammatory agent. Nakahara Kazuhiko et al.
60
have synthesized
chalcones as carcinogen inhibitors. Antitubercular agents of chalcone derivatives have
been prepared by Lin Yuh-Meei et al.
61
Ezico et al .62 have demonstrated that chalcone possess a valuable
antiproliferation activity both on sensitive cancereous cell and on cell which are
resistant to common chemotherapeutic drugs. Some of the chalcones have been
patented for their use for treatment of glucoma
63
and showed antifungal
64,65
aldose
reductase inhibitors,66 anticancer 67 and antimicrobial68,69 activities.
Das B. P. et al.70 have found that chalcones possesses larvicidal properties.
Kim Min-Young et al.71 have synthesized chalcones and tested for their matrix
metalloproteinase inhibitor activity.
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Satyanarayana M. et al .
72
have synthesized chalcone derivatives as
antihyperglycemic activity(II).
Moreover, synthesis and antibacterial activity of substituted chalcone
derivatives have been reported by Modi et al.73 and Attia A.74 V. Mudalir et al.75
have prepared phenoxychalcones and observed their insecticidal activity, Kammei
et al.76 have synthesized chalone derivatives having antitumor activity. De Vincenzo
et al.77 and Han et al.78 have reported chalcone derivatives for their antiinflammatory
activity.
Prem P. Yadav and co-workers79 have synthesized nitrogen and sulfur
containing furanoflavonoids and thiophenylflavonoids (III), Which have been
screened for antifungle and antibacterial activity.
Aldose reductase inhibitor activity of chalcone derivatives have been reported
by Okuyama et al.
80
They are also associated with antitumor and antifungal activity
as reported by A. Tsotitns and coworkers.81 Antifeedant activity of chalcones have
been observed by Sharma and Sreenivasulu.
82
Omid Sahzevari et al.
83
have
synthesized chalcones derivatives as anticancer agent. they are particulary cytotoxic
towards K562 leukemia cells.
O
CH3
N
CH3 OH
O R
(II)
X
O
OH R
X - NCH3/S
R - H/OCH3(III)
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Liu Mei et al.
84
have prepared antimalarial chalcones. Opletalova Veronika et
al.
85
have synthesized chalcones and screened as cardiovascular agents. Moreover, it
has been found that chalcone derivatives possesses nitric oxide inhibitor,
86,87
anti
HIV
88,89
and antiproliferative
90,91
activities. Meng C. Q. et al.
92
discovered some novel
heteroaryl substituted chalcones as inhibitors of TNF-alpha-induced VCAM-1
expression(IV).
Moreover, Khatib S. et al.
93
synthesized some novel chalcones as potent
tyrosinase inhibitors (V). Ko H. H. et al.
94
have prepared some new chalcones for
potent inhibition of platelet aggregation. Ziegler H. L. et al.
95
reported some
chalcones as antiparasitic. Go M. L. et al.
96
have described the synthesis and
biological activities of chalcones as antiplasmodial. Xue C. X. et al.
97
documented
chalcones as antimalarial agents. Fu Y. et al.
98
have synthesized demonstred chalcones
as Licochalcone-A. A. Araico and co-worker
99
have synthesized chalcones derivatives
as inhibitor of cyclo-oxygenase-2 and 5-lipoxygenase. Jose N. Dominguez et al.
100
have
synthesized chalcones derivatives and reported as antimalerial.
O
MeO
MeO
OMe
OMe
OMe
S
(IV)
O
OH
OH
OH
OH
(V)
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Furthermore, Alcaraz M. J. et al.
101
have described the role of nuclear
factor-kappaB and heme oxygenase-1 in the action of an anti-inflammatory chalcone
derivatives in RAW 264.7 cells.
Nerya O. et al.
102
have prepared some new chalcones as potent tyrosinase
inhibitors. Sabzevari O. et al.
103
have constructed some new chalcone derivatives
as Molecular cytotoxic mechanisms of anticancer hydroxychalcones(VI).
V. K. Ahluwalia et al.
104
have noted that 5-cinnamoylchalcones (VII) have shown
good as antibacterial activity.
Woo Duck Seo et al.
105
have synthesized chalcones derivatives (VIII) and
reported as-glucosidase inhibitors. Sung Hee Lee and co-worker106 have designed
and synthesized chalcone and reported their antiinflammatory activity.
O
OOMe
OH
OMe
(VI)
OO
R
R1
R
R1
OH
OH
OH
(VII)
(VIII)
O
RCH3 S NH
O
O
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Hollosy F. et al.107 have prepared some new chalcones as Plant-derived protein
tyrosine kinase inhibitors as anticancer agents. Paula Boeck,Camila Alves and
Bartira Rossi-Bergmann108 have synthesized some newer chalcone analougs (IX) with
antileishmanial activity. Analougs containing nitro, fluorine or bromine group respectively
displayed increased selectivity against the parasites as compared with natural chalcone.
Xiang Wu et al.109 have synthesized ferrrocenyl chalcones and reported their
antiplasmodial activity.
Recently, Ban H. S. et al.110 have synthesized some newer chalcones as inhibition
of lipopolysaccharide-induced expression of inducible nitric oxide synthase and tumor
necrosis factor-alpha by 2'-hydroxychalcone derivatives in RAW 264.7 cells. Simon
Feldbaek Nielsen et al.111 have described some chalcones derivatives (X) as antibacterial
agent. Mogens Larsen and co-workers112 have synthesized chalcones derivatives (XI)
and reported their anti-plasmodial activity.
O
R1
R2
OH
R3
H3CO OCH3
R1=NO2, R2=H, R3=H
R1=H, R2=F, R3=H
R1=NO2, R2=H, R3=Br(IX)
(X)
O
N
H
N
NN
R O
R
R(XI)
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Seo et al.
113
reported the chalcones as a-glucosidase inhibitors. Aneta Modzelewska
et al.114 have prepared novel chalcone and bis chalcone derivatives (XII) having anticancer
activity.
These valid observation led us to explore chalcone chemistry by synthesizing
several derivatives like Pyrazolines, Cyanopyridones, Cyclohexenones, Indazoles
and Aminopyrimidines bearing different heterocyclic ring systems for medicinal value,
in order to achieving better therapeutic agents, this study described as under.
SECTION-I : SYNTHESIS AND THERAPEUTIC EVALUATION OF 1-
ARYL-3-[5'-(m-CHLORO-p-FLOUROPHENYL)-2 '-FURYL]-
2-PROPENE-1-ONES
N
R
R'R'
OCOR"
(XII)
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SECTION - I
SYNTHESIS AND THERAPEUTIC EVALUATION OF 1-ARYL-3-[5'-(m-
CHLORO-p-FLOUROPHENYL)-2 '-FURYL]-2-PROPENE-1-ONES
With the biodynamic activities of chalcones and it is a good synthon for
various heterocyclic rings, the interest has been focussed on the synthesis of new
chalcones. With a view to obtained compounds having better therapeutic activity,
we have synthesized 1-Aryl -3 - [5 '- (m-chloro-p-f lourophenyl ) -2 '- furyl ] -2-
propene-1-ones by the condensation of 5-(m-chloro-p-flourophenyl)-2-furaldehyde
with various aromatic ketones in presence of catalyst of alkali.
The constitution of the synthesized compounds have been characterized by using
elemental analyses, infrared and 1H-nuclear magnetic resonance spectroscopy and further
supported by mass spectroscopy.
All the products have been screened for their in vitro biological assay like
antibacterial activity towards Gram positive and Gram negative bacterial strains
and antifungal activity towards Aspergillus niger at a concentration of 40 µg/ml.
The biological activities of the synthesized compounds were compared with standard
drugs.
O
CHO
Cl
F 40% NaOH
R CH3
O O
Cl
F
O
R
Type-(I) R = Aryl
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NH2
Cl
F
NaNO2
R-COCH3
40 % NaOH
+
0-5 Co
+ HCL
N N
Cl
F } Cl
O
CHO
Cl
F
O
CHO
CuCl2
O
Cl
F R
O
Reaction Scheme
Type-(I) R = Aryl
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Observed
Alkane C-H str. (asym.) 2918 2975-2950 115
-CH3 C-H str. (sym.) 2852 2880-2860 ,,
C-H i.p.def. (asym.) 1475 1475-1435 ,,
C-H o.o.p. def. (sym.) 1361 1390-1360 ,,
Aromatic C-H str. 3066 3080-3030 116
C=C str. 1517 1520-1480 ,,
C-H i.p.def. 1014 1070-1000 ,,
C-H o.o.p.def. 819 835-810 ,,
Furyl moiety C-O-C str. (sym.) 1255 1275-1200 115
C-O-C str. (asym.) 1015 1075-1010 ,,
(overlaped)
C-F str. 1238 1300-1100 ,,
C-Cl str. 794 800-750 116
Vinyl CH=CH str. 3066 3050-3000 ,,
(overlaped)
Chalcone C=O str. 1658 1685-1645 ,,
Type Ref.
Reported
Frequency in cm-1Vibration
Mode
IR SPECTRAL STUDIES OF 1-(P-TOLYLPHENYL)-3-[5'-(m-CHLORO-p-
FLOUROPHENYL)-2'-FURYL]-2-PROPENE-1-ONE
Instrument : SHIMADZU-FT-IR 8400-Spectrophotometer ; Frequency range : 4000-400 cm-1
(KBr disc.)
0.0
20.0
40.0
60.0
80.0
100.0
%T
500.0750.01000.01250.01500.01750.02000.03250.0
1/cmchalcon p-cl
435.9
459.0
518.8
596.0
626.8
650.0
725.2
794.6
819.7
873.7
935.4
968.2
1014.5
1074.3
1176.5
1209.3
1238.2
1255.6
1303.8
1326.9
1361.7
1413.7
1475.4
1517.9
1556.4
1587.3
1658.7
2852.5
2918.1
3066.6
3124.5
3394.5
O
O
Cl
F
CH3
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NMR SPECTRAL STUDIES OF 1-(P-METHOXYPHENYL)-3-[5 '-(m-
CHLORO-p-FLOUROPHENYL)-2'-FURYL]-2-PROPENE-1-ONE
a
b
c
d
d'
e
e'
A
B
O
O
O
CH3
F
Cl
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a
b
c
d
d'
e
e'
A
B
O
O
O
CH3
F
Cl
EXPANDED AROMATIC REGION
1 3.87 3H singlet Ar-OCH3 -
2 7.20 1H doublet furyl-H J = 3.6
3 7.36 1H doublet furyl-H J = 3.6
4 7.11 2H doublet Ar-He,e’ Jed = 8.7
5 7.55 1H doublet Vin-HA J = 15.0
6 7.74 1H doublet Ar-Ha Jab = 8.4
7 7.81 1H doublet Ar-HB J = 15.4
8 7.94 1H doublet doublet Ar-Hb Jba = 8.7
Jbc = 2.1
9 8.17 2H doublet Ar-Hd,d’ Jde = 8.7
10 8.24 1H doublet Ar-Hc Jcb = 1.8
Signal
No.
Signal Position
(ppm)
Relative No.
of protons
Multiplicity Inference J Value
Instrumental Standard : TMS; Solvent: CDCl3 ; Instrument : BRUKER Spectrometer
(300MHz)
In Hz
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ANTIMICROBIAL ACTIVITY
Method : Cup-Plate
117
Gram positive bacteria : Bacillus coccous
Bacillus subtillis
Gram negative bacteria : Proteus Vulgaris
Escherichia Coli
Fungi : Aspergillus niger
Concentration : 40µg/ml
Solvent : Dimethyl formamide
Standard drugs : Amoxicillin, Ampicillin, Benzyl penicillin,
Norfloxacin, Greseofulvin
The antimicrobial activity was compared with standard drug viz Amoxicillin,
Ampicillin, Benzyl penicillin, Norfloxacin and antifungal activity was compared with
viz Greseofulvin. The inhibition zones measured in mm.
MICROBIOLOGICAL EVALUATION
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EXPERIMENTAL
SYNTHESIS AND BIOLOGICAL EVALUATION OF 1-A RYL-3- [5 '- (m-
CHLORO-P-FLOUROPHENYL)-2'-FURYL]-2-PROPENE-1-ONES
[A] Preparation of 5-(m-chloro-p-flourophenyl)-2-furaldehyde
A mixture of 3-chloro-4-flouroaniline (14.5 g, 0.01 M), dil. HCl (15%, 60 ml)
and water (90 ml) was heated to get a clear solution. The solution was cooled to OOC
and diazotised with NaNO2 solution (30%, 24 ml). The diazonium salt solution was
filtered and to the filtrate, water (50 ml), freshly distilled furfural (11.1 ml, 0.1 M) and
aqueous cupric chloride (2.5 g in 10 ml of water) were added with stirring. The stirring
was continued for 4 hrs. and kept overnight. The separated solid was collected by filtration
and washed with cold ethanol, crystallised from a mixture of ethanol-DMF. Yield 70%,
m.p. 156oC. (C11H6ClFO2; required : C, 58.82; H, 2.69%; found: C, 58.78; H,
2.63%).
[B] Preparation of 1-(p-Anisyl)-3-[5'-(m-chloro-p-flourophenyl)-2'-furyl]-
2-propene-1-one
A solution of p-methoxyacetophenone (1.5 g, 0.01 M) in minimum quantity
of ethanol (5 ml) was added to a mixture of 5-(m-chlorop-flourophenyl)-2-
furaldehyde (2.24 g, 0.01 M) in ethanol (30 ml) and 40% NaOH was added to make it
alkaline. The reaction mixture was then stirred for 24 hrs. at room temperature. The
product was isolated and crystallised from DMF. Yield 62% m.p. 145o C.
(C20H14ClFO3; required: C, 67.33; H, 3.69%; found: C, 67.28;H, 3.67%).
Similarly other 1-aryl-3-[5'-(m-chloro-p- flourophenyl)-2'-furyl]-2-propene-
1-one were prepared. The physical constantsare recorded in Table No.1.
[C] Antimicrobial activity of 1-Aryl-3-[5'-(m-chloro- p-flourophenyl)-2'-
furyl]-2-propene-1-ones
All the compounds have been evaluated for antimicrobial activity as described
under.
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(a) Antimicrobial activity117
It was carried out buy cup-plate diffusion method which has been described
as under.
(I) Antibacterial activity
The purified products were screened for their antimicrobial activity. The
nutrient agar bath prepared by the usual method, was inoculated aseptically with
0.5 ml of 24 hrs. old subcultures of B. coccous, B. subtillis, E. Coli, P. vulgaris in
separate conical flasks at 40-50oC and mixed well by gentle shaking. About 25ml
content of the flask were poured and evenly spreaded in a petridish (13cm in
diameter) and allowed to set for 2 hrs. The cups (10 mm in diameter) were formed
by the help of borer in agar medium and filled with 0.04ml (40g) solution of sample
in DMF.
The plates were incubated at 37oC for 24 hrs. and the control was also
maintained with 0.04 mole of DMF in a similar manner and the zones of inhibition
of bacterial growth were measured in millimeter and are recorded in Graphical Chart
No.1.
(II) Antifungal activity
A. niger was employed for testing antifungal activity using cup-plate method.
The culture was maintained on subouraud’s agar slants. Sterilized sabouraud’s agar
medium was inoculated with 72 hrs. old 0.5 ml suspension of fungal spores in a
separate flask.
About 25 ml of inoculated medium was evenly spreaded in a petridish and
allowed to set for two hrs. The plates were incubated at 30oC for 48 hrs. After the
completion of incubation period, the zone of inhibition of growth in the form of
diameter in mm was measured. Along the test solution in each petridish one cup
was filled with solvent which act as control. The zones of inhibition are recorded
in Graphical Chart No. 1.
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INTRODUCTION
Amongst nitrogen containing five membered heterocycles, pyrazolines have
proved to be the most useful frame work for biological activities. Pyrazolines have
attracted attention of medicinal chemist for both with regard to heterocyclic
chemistry and the pharmacological activities associated with them. In 1967 Jacobe,
reviewed the chemistry of pyrazolines, which have been studied extensively for
their biodynamic behavior1 and industrial applications.2
The pharmaceutical importance of these compounds lies in the fact that they can
be effectively utilized as antibacterial, antifungal, antiviral, antiparasitic, antitubercular
and insecticial agents.
As evident from the literature in recent years a significant portion of research
work in heterocyclic chemistry has been devoted to pyrazolines containing differant
aryl groups as substituents.
SYNTHETIC ASPECT :
Different methods for the preparation of 2-pyrazoline derivatives documented
in literature are as follows.
1. 2-Pyrazolines can be synthesized by the cycloaddition of diazomethane to
substituted chalcone.
3
2. 2-Pyrazoline can be prepared by the condensation of-unsatured ketone and
thiosemicarbazide in the presence of basic alumina and K2CO3.
4
N
H
N
RO
R1
+
N
N
R
R1
S NH2
NH2
NH NH2
S
BASIC ALUMINA
K2CO3
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3. Dipolar cycloaddition of nitrielimines of dimethyl fumarate, fumaronitrile and the
N-aryl maleimides yielded the corresponding pyrazolines.5
4. Epoxidation of chalcones with epoxy ketones on reaction with hydrazine hydrate
and phenyl hydrazine to give pyrazolines.6
5. 2-Pyrazolines can also be prepared by the condensation of chalcone dibromide
with hydrazine.7
6. 2-Pyrazolines can be constructed by the cyclocondensation of chalcones with
hydrazine hydrate.8
Furthermore, B. Gyassi et al.9 have investigated the one pot synthesis of
some pyrazolines in dry media under microwave irradiation. S. Paul et al.10 and
Dandia Anshu et al.11 have also described the microwave assisted synthesis of 2-
pyrazolines.
MECHANISM :
The following mechanism seems to be operable for pyrazoline by the
condensation of chalcones with hydrazine hydrate.12
R
CH
CH
C
R1
O
CH
CHR
NH
NH2R2
C
O
R1
..
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+
..
(i) proton transfer
(ii) ketonisation
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Nucleophilic attack by hydrazine at the-carbon of the-unsaturated carbonyl
system forms species (II), in which the negative charge is mainly accommodated by the
electronegative oxygen atom.
Proton transfer from the nitrogen to -ve oxygen produces an intermediate
enol which simultaneously ketonises to ketoamine (III). Another intramolecular
nucleophilic attack by the primary amino group of ketoamine on its carbonyl carbon
followed by proton transfer from nitrogen to oxygen leads ultimately to carbonyl
amine (IV). The later with a hydroxy group and amino group on the same carbon
lose water molecule to yield the pyrazolines.
THERAPEUTIC IMPORTANCE :
From the literature survey, it was revealed that 2-pyrazolines are better
therapeutic agents. Some of the activities are mentioned below.
1. Antiallergic
13
2. Anticonvulsant
14,15
3. Antibacterial
16,17
4. Antiimplantation
18
5. Antiinflammatory
19
6. Antitumor
20,21
7. Antineoplastic
22
8. Antiandeogenic
23
9. Antiamoebic
24
10. Antidepresent
25,26
11. Antimicrobial
27
12. Analgesic
28,29
13. Bactericidal
30,31
14. Fungicidal
32
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15. Herbicidal
33
16. Hypoglycemic
34
17. Insecticidal
35
Shivnanda M. K. and co-workers
36
have prepared pyrazolines and reported their
antibacterial activity. E. Palska et al.
37
have prepared 3,5-diphenyl-2-pyrazolines (I)
and cited their antidepressant activity.
Moreover, F. Manna and coworkers
38
have described 1-acetyl-5-(2'-
bromophenyl)-4,5-dihydro-3-(2'-hydroxyphenyl)-1H-pyrazolines (II) and its
derivatives which acts as potent antiinflammatory, analgesic and antipyretic agents.
S. S. Sonarc et al.
39
have synthesized 3-(2-acetoxy-4-methoxyphenyl)-5-
(substituted-phenyl)-pyrazolines (III) and tested their antimicrobial activity. V. V.
Fernandes et al.
40
have also synthesized some new pyrazolines as an antimicrobial agent.
N NH
R1
R2
OMe
OMe
R1 = H,Cl, Br, Me, MeO
R2 =H, Cl
N N
(H3C)2N OH
H3COC
R
R1
R2
R1
N N
H3CO OAC
R
(II)
(III)
(I)
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Udupi R. H. and Bhatt A. R.
41
have reported the synthesis and biological activity
of Mannich bases of certain 1,2-pyrazolines. Nugent Richard
42
investigated pyrazolines
bis phosphonate ester as novel antiinflammatory and antiarthritic agent. Antimycotic
activity of pyrazoline derivatives (IV) have been reported by Joanna Matysiak and Andrzej
Niewiadomy.
43
Furthermore, Fuche Rainer et al.
44
have prepared some new 1H-pyrazoline (V)
derivatives and reported them as pesticides. Tsuboi et al.
45
have synthesized some new
phenylcarbonyl pyrazolines (VI) as an insecticides and at 40% concentration shows
100% mortality of spodopetra litura larve after seven drops.
Tuntawy Atif and coworkers
46
have patented 3-methyl-4'-(substituted phenylazo)-
pyrazol-5-ones as antibacterial agent. Almstead J. et al.
47
have prepared pyrazolines as
vascularization agent. G. N. Mishirika et al.
48
have also prepared 2-pyrazolines of salicylic
acid (VII) possessing antimicrobial properties.
NN
NH
S
OH
OH
R
R1
R2
(IV)
N N
H
N
N
Cl
(V)
R
N
N
NH
O
CF3
(VI)
N N
R1
R
COOH
OH
(VII)
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Guniz Kucukguzel et al.
49
have synthesized pyrazolines as a antimicrobial and
anticonvulsant agents. Gulhan T. Z. and coworkers
50
have prepared pyrazolines as a
hypotensive agent. Shalabh Sharma et al.
51
have synthesized pyrazolines and tested their
antiinflammatory activity (VIII).
Moreover, T. M. Stivenson et al.52 have also investigated N-substituted pyrazoline
type insecticides. Tanka Katsoshori53 have patented pyrazoline derivatives as herbicides
and Johannes et al.54 have reported as insecticides. Moritaz Z. and Hadolj55 to
investigated a semi imperial molecular orbital study on the reaction of aminopyrazolinyl
azodye with singlet molecular oxygen. Antiamoebic activity of pyrazoline derivatives (IX)
have been reported by Asha Budakoti and co-workers.
56
Ahn J. H. et al.
57
have reported as DP-IV inhibition of cyano-pyrazoline
derivatives as potent antidiabetic agents. Jeong T. S. et al.
58
have synthesized some
novel 3,5-diaryl pyrazolines as human acyl-CoA:cholesterol acyltransferase inhibitors.
Nasr M. N. et al.
59
have reported the synthesis of newer 3,3a,4,5,6,7-hexahydroindazole
and arylthiazolylpyrazoline derivatives as antiinflammatory agents. Ucar et al.
60
reported
pyrazolines as cholinstearase and selective monoamine oxidase B inhibitiors for the
treatment of Parkinson’s and alzheimer’s diseases.
NH
N N
S
NH
N
N
COCH3
R
(VIII)
N
N
S
PdCl
Cl (IX)
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B. Shivarama Holla et al.61,62 have synthesized pyrazolines as antibacterial agent.
Hiremath S. P. et al.63 have synthesized pyrazolines as analgesic, antiinflammatory and
antimicrobial agent. Malhotra V. et al.64 have doccumented new pyrazolines as a
cardiovascular agent (X). Anti-Helicobacter pylori activity of pyrazoline derivatives (XI)
have been reported by F. Chimenti and co-worker.65
Berghot M. A. et al.66 have prepared for convergent synthesis and antibacterial
activity(XII) of pyrazole and pyrazoline derivatives of diazepam.
Gokhan N. et al.67 have synthesized the pyrazoline derivatives of 1-N-substituted
thiocarbamoyl-3-phenyl-5-thienyl-2-pyrazolines as MAO inhibitors. Matysiak J. et al.68
have reported some novel pyrazoline derivatives as antimycotic activity of N-azolyl-
2,4-dihydroxythiobenzamides. MohammadAbid andAmirAzam69 have synthesized 1-N-
substituted cyclised pyrazoline of thiosemicarbazones(XIII) and reportedas antiamoebic activity.
Recently, Abd El-Galil E. Amr et. al.70 have synthesised some new 3-substituted
androstano[17,16-c]-52-aryl-pyrazolines and reported their antiandrogenic activity.
N N
R2
R1
(XI)
N
N S
NH R2
R1
Ph
(X) R1, R2 = Aryl
N NH
NH
N
O
N
NC
CN
(XII)
N
N
Cl
CH3
N
S
N
N
(XIII)
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Mohammad Abid and Amir Azam
71
have synthesised 1-N-substituted cyclised
pyrazoline analogues of thiosemicarbazones and reported their antiamoebic activities
(XIV). B. Bizzarri et. al.
72
have reported in vitro selective anti-Helicobacter pylori activity
of pyrazoline derivatives.
Bhat and co-worker
73
reported cytotoxic properties of pyrazoline derivatives. Y.
Rajendra Prasad et. al.
74
have synthesised some 1,3,5-triphenyl-2-pyrazolines and 3-
(2”-hydroxy naphthalen-1”-yl)-1,5-diphenyl-2-pyrazolines and reported as
antidepressant(XV) and (XVI).
Antibacterial activity of pyrazoline derivatives (XVII) have been reported by
Stan D,Andrea and co-worker.75
John R. Goodell et al.76 have synthesized some newer 1,3,5-trisubstituted
pyrazoline derivatives which shows anti west nile virus activity (XVIII).
N
N
Cl
N
S
CH2-CH2-CH3
CH2-CH2-CH3
(XIV)
(XV) (XVI)
N
N
R1
R2
R3
R4
N N
R2
R3
OH
R1
R4
R1, R2, R3, R4 = Alkyl
N
N N
O
NHAc
F
O
(XVII)
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Thus interesting biological activities of a novel heterocycles like pyrazolines have
stimulated considerable research work in recent years leading to the synthetic utility of
the derivatives of this ring system. In our search for new potential antimicrobial compounds,
the reaction series of chalcones with hydrazine hydrate/phenylhydrazine under different
conditions has been investigated and the pharmacological profile of the compounds have
been studied and described as under.
SECTION-I : SYNTHESIS AND THERAPEUTIC EVALUATION OF 1-
ACETYL-3-ARYL-5-[5'-(m-CHLORO-p-FLOUROPHENYL)-
2'-FURYL]-PYRAZOLINES
SECTION-II : SYNTHESIS AND THERAPEUTIC EVALUATION OF 1-
PHENYL-3-ARYL-5-[5'-(m-CHLORO-p-FLOUROPHENYL)-
2'-FURYL]-PYRAZOLINES
N
N
S
R2
R1
(XVIII)
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SECTION - I
SYNTHESIS AND THERAPEUTIC EVALUATION OF 1-ACETYL-3-ARYL-5-[5'-
(m-CHLORO-p-FLOUROPHENYL)-2'-FURYL]-PYRAZOLINES
Pyrazoline derivatives represent one of the most active classes of compounds
having a wide spectrum of biological activities. Looking to the interesting properties of
pyrazolines it was considered worthwhile to synthesize a series of pyrazolines of Type-
(II) for obtaining biologically potent agents which were prepared by reacting chalcones
with hydrazine hydrate in glacial acetic acid.
The constitution of the synthesized products have been characterized by using
elemental analyses, infrared and 1H-nuclear magnetic resonance spectroscopy and
further supported by mass spectroscopy.
All the products have been screened for their in vitro biological assay like
antibacterial activity towards Gram positive and Gram negative bacterial strains
and antifungal activity towards Aspergillus niger at a concentration of 40 µg/ml.
The biological activities of the synthesized compounds were compared with standard
drugs. The details have been cited in Part-I, Section-I (D).
NH2NH2 .H2O
gla. CH3COOH
O
Cl
F
R
O
O N N
R
CH3
O
Cl
F
Type-(II) R = Aryl
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IR SPECTRAL STUDIES OF 1-ACETYL-3-(p-TOLYL)-5-[5'-(m-CHLORO-p-
FLOUROPHENYL)-2'-FURYL]-PYRAZOLINE
Instrument : SHIMADZU-FT-IR 8400-Spectrophotometer ; Frequency range : 4000-400
cm-1 (KBr disc.)
20.0
40.0
60.0
80.0
100.0
%T
500.0750.01000.01250.01500.01750.02000.03250.0
453.2
594.0
630.7
725.2
785.0
831.3
941.2
960.5
1020.31172.6
1197.7
1220.9
1255.6
1299.9
1328.9
1359.7
1413.7
1483.2
1514.0
1595.0
1658.7
2842.9
2968.2
3066.6
3398.3
Observed
Alkane C-H str. (asym.) 2968 2975-2950 77
-CH3 C-H str. (sym.) 2842 2880-2860 ,,
C-H i.p.def. (asym.) 1483 1475-1435 ,,
C-H o.o.p. def. (sym.) 1359 1390-1360 ,,
Aromatic C-H str. 3066 3080-3030 78
C=C str. 1514 1520-1480 ,,
C-H i.p.def. 1020 1070-1000 ,,
C-H o.o.p.def. 831 835-810 ,,
Furyl moiety C-O-C str. (sym.) 1255 1275-1200 77
C-O-C str. (asym.) 1020 1075-1010 ,,
(overlaped)
C-F str. 1255 1300-1100 ,,
C-Cl str. 785 800-750 78
Pyrazoline C=O str. 1658 1660-1600 ,,
C=N str. 1595 1630-1580 ,,
C-N str. 1172 1220-1020 ,,
Type Ref.
Reported
Frequency in cm-1Vibration
Mode
O
N N
O
CH3
CH3
Cl
F
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NMR SPECTRAL STUDIES OF 1-ACETYL-3-(p-TOLYL)-5-[5'-(m-CHLORO-
p-FLOUROPHENYL)-2 '-FURYL]-PYRAZOLINE
a
b c
d
e e'
x
O
N
N
O
CH3
Cl
F
H
H
CH3
d'
A
B
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a b
c
d e
e'
xO
N
N
O
CH3
Cl
F H
H
CH3
d'
A
B
EXPANDED AROMATIC REGION
Signal
No.
Signal Position
(ppm)
Relative No.
of protons
Multiplicity Inference J Value
In Hz
1 2.28 3H singlet Ar-CH3 -
2 2.35 3H singlet CO-CH3 -
3 3.50 1H doublet -CHA JAB = 18
JAX = 5.1
4 3.75 1H double doublet -CHB JBA = 17.7
JBX = 12
5 5.67 1H double doublet -CHX JXA = 4.8
JXB = 12
6 6.45 1H doublet furyl-H J = 3.3
7 7.05 1H doublet furyl-H J = 3.3
8 7.29 2H doublet Ar-Hd,d ’ Jed = 8.1
9 7.57 1H double doublet Ar-Hb Jba = 8.4
Jbc = 1.8
10 7.64 1H doublet Ar-Ha Jab = 8.4
11 7.71 2H doublet Ar-He,e’ Jde = 7.8
12 7.85 1H doublet Ar-Hc Jcb = 1.8
Instrumental Standard : TMS; Solvent: CDCl3 ; Instrument : BRUKER Spectrometer
(300MHz)
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EXPERIMENTAL
SYNTHESIS AND THERAPEUTIC EVALUATION OF 1-ACETYL-3-ARYL-5-
[5'-(m-CHLORO-p-FLOUROPHENYL)-2'-FURYL]-PYRAZOLINES
[A] Synthesis of 5-(m-Chloro-p-flourophenyl)-2-furaldehyde
See, Part-I, Section-(A)
[B] Synthesis of 1-(p-Tolyl)-3-[5'-(m-chloro-p-flourophenyl)-2'-furyl]-2-
propene-1-one
See, Part-I, Section-(B)
[C] Synthesis of 1-Acetyl-3-(p-Tolyl)-5-[5'-(m-chloro-p-flourophenyl)-2'-
furyl]-pyrazoline.
A mixture of 1-(p-methylphenyl)-3-[5'-(m-chloro-p-flourophenyl)-2'-furyl]-
2-propene-1-one (3.40 g, 0.01M) and hydrazine hydrate (2 ml, 0.04 M) in 30 ml
acetic acid was refluxed for 10 hrs. The solution was poured on crushed ice. The product
w a s i s o l a t e d a n d c r ys t a l l i s e d f r o m e t h a n o l . Yi e l d 5 8 % , m . p . 1 7 5 OC .
(C22H18ClFN2O2; required : C, 66.58; H, 4.57; N, 7.06%; found : C, 66.56;
H, 4.53; N. 7.05%).
Similarly, other 1-Acetyl-3-aryl-5-[5'-(m-chloro-p-flourophenyl)-2'- furyl]-
pyrazoline were prepared. The physical data are recorded in Table No. 2
[D] Antimicrobial activity of 1-Acetyl-3-Aryl-5-[5'-(m-chloro-p-flouro
phenyl)-2'-furyl]-pyrazoline
Antimicrobial testing was carried out as described in Part-I, Section-I (D).
The zone of inhibition of the test solution are recorded in Graphical Chart No. 2.
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SECTION - II
SYNTHESIS AND THERAPEUTIC EVALUATION OF 5-[5'-(m-CHLORO-p-
FLOUROPHENYL)-2'-FURYL]-3-ARYL-1-PHENYL PYRAZOLINES
Looking to the interesting therapeutic activities of pyrazoline, it was considered
worthwhile to synthesize compounds bearing5-(m-chloro-p-flourophenyl)-2-furaldehyde
moiety linked to the pyrazoline nucleus. Pyrazoline of Type (III) have been prepared by
the action of 1-Aryl-3-[5'-(m-chloro-p-flourophenyl)-2 '-furyl]-2-propene-1-ones
with phenylhydrazine in presence of piperidine.
The constitution of the synthesized products have been characterized by using
elemental analyses, infrared and 1H-nuclear magnetic resonance spectroscopy and
further supported by mass spectroscopy.
All the products have been screened for their in vitro biological assay like
antibacterial activity towards Gram positive and Gram negative bacterial strains
and antifungal activity towards Aspergillus niger at a concentration of 40 µg/ml.
The biological activities of the synthesized compounds were compared with standard
drugs. The details have been cited in Part-I, Section-I (D).
C6H5-NHNH2
Piperidine
O
F
Cl
R
O
O
N N
R
Cl
F
Type-(III) R = Aryl
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IR SPECTRAL STUDIES OF 5-[5'-(m-CHLORO-p-FLOUROPHENYL)-2'-
FURYL]-3-(p-TOLYL)-1-PHENYL PYRAZOLINE
Instrument : SHIMADZU-FT-IR 8400-Spectrophotometer ; Frequency range : 4000-400
cm-1 (KBr disc.)
Observed
Alkane C-H str. (asym.) 2920 2975-2950 78
-CH3 C-H str. (sym.) 2862 2880-2860 ,,
C-H i.p.def. (asym.) 1442 1475-1435 ,,
C-H o.o.p. def. (sym.) 1388 1390-1360 ,,
Aromatic C-H str. 3031 3080-3030 77
C=C str. 1500 1520-1480 ,,
C-H i.p.def. 1086 1070-1000 ,,
C-H o.o.p.def. 802 835-810 ,,
Furyl moiety C-O-C str. (sym.) 1222 1275-1200 77
C-O-C str. (asym.) 1056 1075-1010 ,,
C-F str. 1284 1300-1100 ,,
C-Cl str. 756 800-750 78
Pyrazoline C=N str. 1596 1627-1580 ,,
N-Ph 1500 1507-1495
(overlaped) ,,
C-H def. 690 698-690 ,,
Type Ref.
Reported
Frequency in cm-1Vibration
Mode
30.0
40.0
50.0
60.0
70.0
80.0
90.0
100.0
%T
500.0750.01000.01250.01500.01750.02000.03250.0
1/cmntp tol
447.5
466.7
499.5
530.4
601.7
686.6
709.8
738.7
756.0
802.3
871.8
912.3
960.5
1016.4
1056.9
1080.1
1103.2
1126.4
1222.8
1244.0
1284.5
1357.8
1388.7
1442.7
1500.5
1544.9
1562.2
1596.9
2862.2
2920.0
3031.9
3352.1
O
N N
CH3
Cl
F
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NMR SPECTRAL STUDIES OF 5-[5'-(m-CHLORO-p-FLOUROPHENYL)-2'-
FURYL]-3-(p-TOLYL)-1-PHENYL PYRAZOLINE
a
b c
d
e e'
x
O
N
N
Cl
F
H
H
CH3
d'
A
B
Design and Synthesis ...
Studies on Pyrazolines...
76
EXPANDED AROMATIC REGION
Signal
No.
Signal Position
(ppm)
Relative No.
of protons
Multiplicity Inference J Value
In Hz
1 2.45 3H singlet Ar-CH3 -
2 3.41 1H double doublet -CHA JAB = 16.8
JAX = 6.6
3 3.73 1H double doublet -CHB JBA = 16.8
JBX = 11.9
4 5.35 1H double doublet -CHX JXA = 6.8
JXB = 12.0
5 6.27 1H doublet furyl-H J = 3.4
6 6.55 1H doublet furyl-H J = 3.4
7 7.00 2H doublet Ar-He,e’ Jed = 5.98
8 7.21 5H multiplet Ar-H f,g,h,i,j -
9 7.39 1H doublet Ar-Ha Jab = 8.4
10 7.51 1H double doublet Ar-Hb Jba = 8.2
Jbc = 2.0
11 7.64 2H doublet Ar-Hd,d ’ Jde = 8.2
12 7.68 1H doublet Ar-Hc Jcb = 1.8
Instrumental Standard : TMS; Solvent: CDCl3 ; Instrument : BRUKER Spectrometer
(300MHz)
a b
c
d e
e'
xO
N
N
Cl
F H
H
CH3
d'
A
B
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EXPERIMENTAL
SYNTHESIS AND THERAPEUTIC EVALUATION OF 5-[5'-(m-CHLORO-p-
FLOUROPHENYL)-2'-FURYL]-3-(p-TOLYL)-1-PHENYL PYRAZOLINE
[A] Synthesis of 5-(m-chloro-p-flourophenyl)-2-furaldehyde
See, Part-I, Section-I (A)
[B] Synthesis of 1-(p-Tolyl)-3-[5'-(m-chloro-p-flourophenyl)-2'-furyl]-2-
propene-1-one
See, Part-I, Section-I (B)
[C] Synthesis of 5-[5'-(m-Chloro-p-flourophenyl)-2'-furyl]- 3-(p-tolyl)-1-
phenyl pyrazoline
A mixture of 1-(p-methyl)-3-[5'-(m-chloro-p-flourophenyl)-2'-furyl]-2-propene-
1-one (3.40 g, 0.01 M) and phenyl hydrazine (1.08 g, 0.01 M) in DMF(25 ml) was
refluxed for 10 hrs. The solution was poured into crushed ice. Product was isolated and
crystallised from ethanol-DMF. Yield. 62% m.p. 176OC. (C26H20ClFN2O; required:
C, 72.47; H, 4.68; N,6.50%; found: C, 72.45 ; H, 4.65; N, 6.48%).
Similarly other 5-[5'-(m-chloro-p-flourophenyl)-2'-furyl]- 3-aryl-1-phenyl
pyrazolines were prepared. The physical constants are recorded in Table No. 3
[D] Antimicrobial activi ty of 5-[5'-(m-chloro-p-flourophenyl)-2'-furyl]-
3-aryl-1-phenyl pyrazolines
Antimicrobial testing was carried out as described in Part-I, Section-I (D).
The zone of inhibition of the test solutions are recorded in Graphical Chart No. 3
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INTRODUCTION
Pyridine with different functional groups, exhibit wide range of applications
in the field of pharmaceutical, agriculture and dyes. Although many substituted
pyridine compounds like other heterocyclic compounds are synthesized with their
functional group present from a cyclic compounds. The simple pyridine compounds
are prepared by the cyclization of aliphatic raw material. The availability of
3-cyanopyridines nicotinamide and nicotinic acid make possible their use as synthetic
intermediates.
Most derivatives are prepared by manipulation of pyridine and its simple
homologues in a manner similar to chemistry of the benzenoid chemistry. However
the simple pyridine compounds are prepared by the cyclization of aliphatic raw
materials.
SYNTHETIC ASPECT
Different method for the preparation of 3-cyanopyridines are available in
literature.
1-7
The well known methods are:
1. Samour and co-workers have prepared substituted cyanopyridines by the
condensation of chalcones with ethyl acetoacetate and malononitrile in presence
of ammoniumacetate.
8,9
2. Tsutsumi et al.
10
have synthesized 3-cyano pyridines by cyclocondensation of
cyanoacetamide with ethyl acetoacetate in presence of base.
3. Substituted cyanopyridine derivatives were also prepared from 3-substituted
phenyl pyrazolone derivatives with malononitrile.
11
4. Ege and co-workers prepared 2-amino-3-cyanopyridine derivatives using
arylidene malononitrile + lithium isopropyl amide and DMF dichloride.
12,13
5. Sakurai and Midorikaw
14,15
have reported that malononitrile reacts with -
unsaturated ketones to give 2-amino-3-cyano-4,6-disubstituted pyridines(III).
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MECHANISM
The reaction proceeds through conjugated addition of active methylene
compounds to the-unsaturated system as shown below.
THERAPEUTIC IMPORTANCE
Cyanopyridine have attracted considerable attention as they appeared of
interest to possess antibacterial, anticholestermic, antifungal, antihypertensive and
antidiabetic activities. Few of them reported as shown below.
1. Antifungal16
2. Antiepileptic17
3. Antibacterial18
4. Anticonvulsant19
R1R
O N
R
NH2
R1
N
CH2(CN)2
R R1
O
CH2(CN)2
CH3COONH4
N N
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N N
R R1
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-2H
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5. Antitubercular20
6. Analgesic21
7. Insecticidal22
8. Antisoriasis23
9. Antihypertensive24
Hammana Abou and co-workers25 have studied anticancer and anti-HIV activity
of 3-cyanopyridines. Abdallah Navine et al.
26
have prepared cyanopyridine derivatives
which showed analgesic and antiinflammatory activity. Manna Fedele and co-workers
27
have reported the antiinflammatory activity of 3-cyanopyridines. H. Yoshida et al.
28
have
studied the antihistamic and antiallergic activity of 3-cyanopyridine derivatives.
Abd El-Galil and co-workers29 have prepared 3-cyanopyridines (IV) and studied
their pharmacological activity. Gadaginamath and co-workers
30
have synthesized various
cyanopyridyl derivatives (V) and documented their variety of biological activities.
S. V. Roman et al.31 have synthesized 2-amino-3-cyanopyridines and reported
their biological activity. El-Taweel and co-workers
32
have prepared cyanopyridine
derivatives and showed their significant biological activity.
Hussan M. and co-workers
33
have prepared 3-cyanopyridines and reported
their pharmacological activity. Pyachenko U. D. et al.34 have synthesized some
cyanopyridines which are useful in the treatment of retroviral disease. Thiele Kurt et
al.
35
have studied the analgesic activity of substituted 3-cyanopyridines.
N
N
N
Ar
NH2 NH2
ArN N
N
N
NH2
O
CH3
R
CH3 CH3
O
N
(IV) (V)
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N. Latif and co-workers
36
have reported the antibacterial and antifungal activity
of 2-amino-3-cyano-4,6-disubstituted pyridines. M. Bernard et al.
37
have reported
the anticonvulsant activity of 3-cyanopyridines. D. G. Bhatt et al.38 have prepared 3-
cyanopyridines as an immunosuppressive agent. U. Teu and co-workers39 have shown
cyanopyridine as agrochemical fungicides.
J. A. Vann Allan et al.
40
have prepared fused heterocyclic 3-cyanopyridine
(VI). Abu and co-workers
41
have prepared novel fused cyanopyridines (VII) for the
treatment and preparation of systemic fungal infection.
K. Kadlec and Hanslian
42
showed that 2-methyl-3-nitro-4-methoxyethyl-5-
cyano-6-chloro pyridines caused occupational eczema in Vitamin B6 factory
workers. Rigterink and Raymond
43
have studied the pesticidal activity of
3-cyanopyridines. M. R. Pavia et al.44 have prepared N-substituted 2- aminopyridines
which possess anticonvulsant property. 3-Cyanopyridines reported by L. Castedo
et al.
45
showed a minimum inhibitory concentration of 1.56 µg/ml against S. aureus.
J. J. Baldwin
46-48
have prepared cyanopyridines exhibiting antihypertensive
activity. Streightoff
49
and Seydal
50
have studied the bacteriostatic effect of some
substituted 3-cyanopyridines. Francis and co-workers51 have studied the effect of
some substituted pyridines on the growth of the walker carcinosarcome-256 in tissue
culture. Barton et al.
52
have reported fungicidal and insecticidal properties.
W. Hoefling and co-workers
53
have studied 3 and 4-cyanopyridines as tuberculosis
arresting agents.
S N
N
C6H5
NH2
N
S
N
NH2
CH3
NH2
N
N
(VII)(VI)
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W. Von Benbenburg and co-workers
54
have synthesized 2-amino-3,6-
disubstituted pyridines as antiepileptic agents. V. Scott and E. Joseph55,56 have
prepared 2-amino-3-cyanopyridine derivatives which were found to be useful as
antipsoriasis pharmaceuticals.
El-Nabawia et al.
57
have prepared 2-amino-3-cyano pyridine derivatives
(VIII) and studied their antimicrobial activity. S. Guru et al.58 have synthesized
various cyanopyridyl derivatives (IX) and documented their multiple biological
activities.
Abdel-Galil E. Amr and Mohamed M. Abdulla59 have synthesized heterocyclic
pyridine derivatives (X) fused with steroidal structure. Initially the acute toxicity
of the compounds was assayed via the determination of their LD50. Heterocyclic
pyridine fused with steroid structure are active as anti inflammatory agents.
W. Von Benbenburg and co-workers60 have synthesized 2-amino-3,6-disubsti-
tuted pyridines as antiepileptic agents. V. Scott and E. Joseph
61,62
have prepared 2-
amino-3-cyanopyridine derivatives which were found to be useful as antipsoriasis
pharmaceuticals.
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Dipeptidyl peptidase (DPP-IV) inhibition has the potential to become a valuable
therapy for diabetes. Edwin B. Villhauer and co-workers63 have reported the first use of
solid-phase synthesis in the discovery of a new DPP-IV inhibitor class and a solution-
phase synthesis that is practical up to the multikilogram scale.
Marco J. L. et al.64 have synthesized cyanopyridine and reported as
acetylcholinesterase inhibitors. Moustafa M. A. et al.65 have prepared cyanopyridine as
antibacterial agents. Eduardo H. S. Sousa et al.
66
documented thionicotinamide
coordinated to the a model system for the in vitro activation of thioamides antituberculosis
drugs. Rosentreter Ulrich et al.
67
have synthesized a new cyanopyridine as receptor
agonists in the treatment of cardiac or urogenital disease cancer, inflammation,
neurodegenerative disease(XII). Gary T. Wang and co-workers68 have synthesized o-
trifluoromethylbiphenyl substituted 2-amino-nicotinonitriles as inhibitors of farnesyl
transferase(XIII)
John A. Tucker et al.69 have synthesized novel Piperazinyl Oxazolidinone
containing cyanopyridine (XIV) as an antibacterial agents.
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In view of therapeutic activities shown by cyanopyridines, it was contemplated
to synthesize some new cyanopyridines in search of agents possessing higher biological
activity with least side effect have been described as under.
SECTION-I : SYNTHESIS AND THERAPEUTIC EVALUATION OF
2-AMINO-3-CYANO-6-ARYL-4-[5 ' - (m-CHLORO-p-
FLOUROPHENYL)-2'-FURYL]-PYRIDINES
SECTION-II : SYNTHESIS AND THERAPEUTIC EVALUATION OF
2-METHOXY-3-CYANO-6-ARYL-4-[5'-(m-CHLORO-
p-FLOUROPHENYL)-2'-FURYL]-PYRIDINES
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SECTION - I
SYNTHESIS AND THERAPEUTIC EVALUATION OF 2-AMINO-3-CYANO-6-
ARYL-4-[5'-(m-CHLORO-p-FLOUROPHENYL)-2'-FURYL]-PYRIDINES
In the past years, considerable evidence has been accumulated to demonstrate
the efficiency of cyanopyridines. To further assess the potential of such class of
compounds, cyanopyridine derivatives of Type (IV) have been synthesized by the
condensation of malononitrile and ammonium acetate with 1-Aryl-3-[5'-(m-chloro-p-
flourophenyl)-2'-furyl]-2-propene-1-ones.
The constitution of the synthesized compounds have been characterized by using
elemental analyses, infrared and 1H-nuclear magnetic resonance spectroscopy and further
supported by mass spectroscopy.
All the products have been screened for their in vitro biological assay like
antibacterial activity towards Gram positive and Gram negative bacterial strains
and antifungal activity towards Aspergillus niger at a concentration of 40 µg/ml.
The biological activities of the synthesized compounds were compared with standard
drugs. The details have been cited in Part-I, Section-I (D).
CH3COONH4
CH2(CN)2O
F
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R
O
O
N
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IR SPECTRAL STUDIES OF 2-AMINO-3-CYANO-6-(p-TOLYL)-4-[5'-(m-
CHLORO-p-FLOUROPHENYL)-2'-FURYL]-PYRIDINE
Instrument : SHIMADZU-FT-IR 8400-Spectrophotometer ; Frequency range : 4000-400cm-1
(KBr disc.)
Observed
Alkane C-H str. (asym.) 2954 2975-2950 70
-CH3 C-H str. (sym.) 2858 2880-2860 ,,
C-H i.p.def. (asym.) 1446 1475-1435 ,,
C-H o.o.p. def. (sym) 1342 1390-1360 ,,
Aromatic C-H str. 3058 3080-3030 71
C=C str. 1500 1520-1480 ,,
C-H i.p.def. 1064 1070-1000 ,,
C-H o.o.p.def. 829 835-810 ,,
Furyl moiety C-O-C str. (sym.) 1226 1275-1200 70
C-O-C str. (asym.) 1064 1075-1010 ,,
C-F str. 1226 1300-1100 ,,
C-Cl str. 756 800-750 71
Pyrazoline N-H str. 3361 3350-3250 ,,
C = N str. 2218 2240-2120 ,,
C=N str. 1596 1640-1500 ,,
C-N str. 1114 1220-1020 ,,
Type Ref.
Reported
Frequency in cm-1Vibration
Mode
30.0
40.0
50.0
60.0
70.0
80.0
90.0
100.0
%T
500.0750.01000.01250.01500.01750.02000.03250.0
1/cm4-och3cyanopyridine
509.2
613.3
690.5
756.0
829.3
875.6
914.2
956.6
1018.3
1064.6
1114.8
1153.3
1226.6
1288.4
1342.4
1415.7
1446.5
1500.5
1531.4
1596.9
2218.0
2858.3
2954.7
3058.9
3355.9
O
N
CH3
NC
NH2
F
Cl
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NMR SPECTRAL STUDIES OF 2-AMINO-3-CYANO-6-(p-CHOLOPHENYL)-
4-[5'-(m-CHLORO-p-FLOUROPHENYL)-2'-FURYL]-PYRIDINE
a
b c
d
e
e'
d'
O
Cl
F
N
NH2
Cl
N
x
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a b
c
d
e
e'
d'
O
Cl
F
N
NH2
Cl
N
x
EXPANDED AROMATIC REGION
1 6.95 1H doublet furyl-H J = 3.7
2 7.06 2H doublet Ar-He,e' Jed = 8.6
3 7.18 1H singlet -CHx -
4 7.40 1H doublet furyl-H J = 3.6
5 7.52 1H doublet Ar-Ha Jab = 8.6
6 7.56 2H doublet Ar-Hd,d' Jde = 9.0
7 7.66 1H double doublet Ar-Hb Jba = 8.5
Jbc = 1.8
8 7.89 1H doublet Ar-Hc Jcb = 18
Signal
No.
Signal Position
(ppm)
Relative No.
of protons
Multiplicity Inference J Value
In Hz
Instrumental Standard : TMS; Solvent: CDCl3 ; Instrument : BRUKER Spectrometer
(300MHz)
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EXPERIMENTAL
SYNTHESIS AND THERAPEUTIC EVALUATION OF 2-AMINO-3-CYANO-6-
ARYL-4-[5'-(m-CHLORO-p-FLOUROPHENYL)-2'-FURYL]-PYRIDINES
[A] Synthesis of 5-(m-Chloro-p-flourophenyl)-2-furaldehyde
See, Part-I, Section-I(A)
[B] Synthesis of 1-(p-Tolyl)-3-[5'-(m-chloro-p-flourophenyl)-2'-furyl]-2-
propene-1-one
See, Part-I, Section-I(B)
[C] Synthesis of 2-Amino-3-cyano-6-(p-chlorophenyl)-4-[5'-(m-chloro-p-
flourophenyl)-2'-furyl]-pyridine
A mixture of 1-(p-chlorophenyl)-3-[5'-(m-chloro-p-flourophenyll)-2'-furyl]-
2-propene-1-one (3.40 g, 0.01 M), malononitrile (0.66 g, 0.01 M) and ammonium
acetate (2.31 g, 0.03 M) in DMF (30 ml) was refluxed for 8 hrs., The content was
poured on crushed ice. The solid obtained was filtered, washed with water and
crystallised from dioxane. Yield 56%, m.p. 241oC. (C22H12Cl2FN3O; required: C,
62.28; H, 2.85; N, 9.90%; found: C, 62.25; H, 2.81; N, 9.84%).
Similarly other 2-amino-3-cyano-6-aryl-4-[5'-(m-chloro-p-flourophenyl)-2'-
furyl]-pyridine were synthesized. The physical data are recorded in Table No.4.
[D] Antimicrobial activity of 2-Amino-3-cyano-6-aryl-4-[5'-(m-chloro-p-
flourophenyl)-2'-furyl]-pyridines
Antimicrobial testing was carried out as described in Part-I, Section-I (D). The
zone of inhibition of the test solutions are recorded in Graphical Chart No.4.
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SECTION - I
SYNTHESIS AND THERAPEUTIC EVALUATION OF 2-METHOXY-3-CYANO-
6-ARYL-4-[5'-(m-CHLORO-p-FLOUROPHENYL)-2'-FURYL]-PYRIDINES
In the past years, considerable evidence has been accumulated to demonstrate
the efficiency of cyanopyridines. To further assess the potential of such class of
compounds, cyanopyridine derivatives of Type (V) have been synthesized by the
cyclocondensation of malononitrile with 1-aryl-3-[5'-(m-chloro-p-flourophenyl)-2'-
furyl]-2-propene-1-ones in presence of sodium methoxide.
The constitution of the synthesized products have been characterized by using
elemental analyses, infrared and 1H-nuclear magnetic resonance spectroscopy and
further supported by mass spectroscopy.
All the products have been screened for their in vitro biological assay like
antibacterial activity towards Gram positive and Gram negative bacterial strains
and antifungal activity towards Aspergillus niger at a concentration of 40 µg/ml.
The biological activities of the synthesized compounds were compared with standard
drugs. The details have been cited in Part-I, Section-I (D).
CH2(CN)2O
F
Cl
R
O
O
N
R
F
Cl
N
OCH3
NaOCH3
in Me-OH
Type-(V) R = Aryl
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IR SPECTRAL STUDIES OF 2-METHOXY-3-CYANO-6-(p-
CHOROPHENYL)-4-[5'-(m-CHLORO-p-FLOUROPHENYL)-2'-FURYL]-
PYRIDINE
Instrument : SHIMADZU-FT-IR 8400-Spectrophotometer ; Frequency range : 4000-400cm-1
(KBr disc.)
Observed
Alkane C-H str. (asym.) 2947 2975-2950 70
-CH3 C-H str. (sym.) 2840 2880-2860 ,,
C-H i.p.def. (asym.) 1446 1475-1435 ,,
C-H o.o.p. def. (sym.) 1340 1390-1360 ,,
Aromatic C-H str. 3033 3080-3030 71
C=C str. 1512 1520-1480 ,,
C-H i.p.def. 1026 1070-1000 ,,
C-H o.o.p.def. 810 835-810 ,,
Furyl moiety C-O-C str. (sym.) 1232 1275-1200 70
C-O-C str. (asym.) 1026 1075-1010 ,,
C-F str. 1232 1300-1100 ,,
C-Cl str. 756 800-750 ,,
Pyrazoline C=N str. 2210 2240-2120 71
C=N str. 1577 1640-1500 ,,
C-N str. 1178 1220-1020 ,,
C-O-C str. (sym.) 1232 1275-1200 ,,
Type
Reported
Frequency in cm-1
Vibration
Mode
0.0
20.0
40.0
60.0
80.0
100.0
120.0
%T
500.0750.01000.01250.01500.01750.02000.03250.0
1/cmcyanopyri p-ch3
412.7
497.6
528.5
580.5
609.5
634.5
684.7
711.7
738.7
756.0
781.1
810.0
840.9
952.8
1026.1
1043.4
1114.8
1178.4
1232.4
1296.1
1340.4
1400.2
1446.5
1512.1
1535.21577.7
1608.5
2210.3
2840.9
2947.0
3033.8
3161.1
O
N
Cl
NC
Cl
F
O
CH3
Ref.
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NMR SPECTRAL STUDIES OF 2-METHOXY-3-CYANO-6-(p-TOLYL)-4-[5'-
(m-CHLORO-p-FLOUROPHENYL)-2'-FURYL]-PYRIDINE
a
b c
d
e
e'
d'
O
Cl
F
N
N
O
CH3
CH3
x
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EXPANDED AROMATIC REGION
Instrumental Standard : TMS; Solvent: CDCl3 ; Instrument : BRUKER Spectrometer
(300MHz)
1 2.12 3H singlet Ar-CH3 -
2 3.90 3H singlet Ar-OCH3 -
3 6.96 1H doublet furyl-H J = 3.6
4 7.06 2H doublet Ar-He,e' Jed = 8.6
5 7.19 1H singlet -CHx -
6 7.41 1H doublet furyl-H J = 3.4
7 7.52 1H doublet Ar-Ha Jab = 8.6
8 7.56 2H doublet Ar-Hd,d' Jde = 9.0
9 7.67 1H double doublet Ar-Hb Jba = 8.5
Jbc = 1.6
10 7.88 1H doublet Ar-Hc Jcb = 17.8
Signal
No.
Signal Position
(ppm)
Relative No.
of protons
Multiplicity Inference J Value
In Hz
a b
c
d
e
e'
d'
O
Cl
F
N
N
O
CH3
CH3
x
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EXPERIMENTAL
SYNTHESIS AND THERAPEUTIC EVALUATION OF 2-METHOXY-3-CYANO-
6-ARYL-4-[5'-(m-CHLORO-p-FLOUROPHENYL)-2'-FURYL]-PYRIDINES
[A] Synthesis of 5-(m-Chloro-p-flourophenyl)-2-furaldehyde
See, Part-I, Section-I (A)
[B] Synthesis of 1-(p-Tolyl)-3-[5'-(m-chloro-p-flourophenyl)-2'-furyl]-2-
propene-1-one
See, Part-I, Section-I(B)
[C] Synthesis of 2-Methoxy-3-cyano-6-(p-Tolyl)-4-[5'-(m-chloro-p-flouro
phenyl)-2'-furyl]-pyridine
A mixture of 1-(p-tolyl)-3-[5'-(m-chloro-p-flourophenyll)-2'-furyl]-2-propene-
1-one (3.40 g, 0.01 M), malononitrile (0.60gm, 0.01 mol) in methanol (10ml) and
sodium methoxide, which prepared from sodium (46mg) and absolute methanol
(20ml) was added. The content was heated under reflux with stirring for 12 hr. The
reaction mixture was diluted with water and extracted with chloroform. The excess
solvent was distilled off and residue was crystallized from ethanol. Yield 58%,
m.p. 147oC. (C24H14ClFN2O2; Requires: C,62.82; H, 3.85; N, 6.69; Found: C,
62.80; H, 3.81; N, 6.67 %.
Similarly other 2-Amino-3-cyano-6-aryl-4-[5'-(m-chloro-p-flourophenyl)-2'-
furyl]-pyridine were synthesized. The physical data are recorded in Table No. 5.
[D] Antimicrobial activity of 2-Methoxy-3-cyano-6-aryl-4-[5'-(m-chloro-
p-flourophenyl)-2'-furyl]-pyridines
Antimicrobial testing was carried out as described in Part-I, Section-I (D). The
zone of inhibition of the test solutions are recorded in Graphical Chart No. 5.
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INTRODUCTION
2-Aminopyrimidine is the most important member of all the diazine as this
ring system occurs widely in living organisms. Pyrimidine was first isolated by
Gabriel and Colman in 1899. 2-Amino pyrimidine and its derivatives represent one
of the most active class of compounds possessing a wide spectrum of biological
activities.
Pyrimidine and its derivatives have gained prominence because of their
potential pharmaceutical values. Many pyrimidine derivatives play vital role in many
physiological action. They are among those molecules that make life possible as
being some of the building blocks of DNA and RNA. Pyrimidine is considered to
be a resonance hybrid of the charged and uncharged canonical structures, its
resonance energy has been found to be less than benzene or pyridine.
Some diaminopyrimidines like, trimethoprim (I) is antimalarial agents and
also an effective antibacterial agent when used in combination with a sulphonamide.
Minoxidil (II) is a vasodilator which has been used in the treatment of hypertension.
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SYNTHETIC ASPECT :
1. Rasaki
1
synthesized 2-amino-pyrimidine by the react ion of chalcone
epoxides with guanidine carbonate in xylene.
2. Abd-El-galil E. Amr
2
synthesized aminopyrimidines by the reaction of chalcones
with guanidine hydrochloride in the presence of NaOH.
3. The reaction of chalcones with guanidine hydrochloride in presence of potassium
t-butoxide in t-butanol yielded corresponding 2-amino pyrimidine derivatives.
3
4. By the reaction of 3-amino,5-Methyl-1,2,4-oxadiazole with-diketones in the
presence of perchloric acid.
4
REACTION MECHANISM :
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THERAPEUTIC IMPORTANCE :
2-Aminopyrimidines exhibit a wide spectrum of pharmacological activities
like,
1. Antiviral
5
2. Anticonvulsant
6
3. Antitubercular
7
4. Antidiabetic
8
5. Antihypertensive
9
6. Antibacterial
10
7. Tyrosine kinase inhibitor
11
8. Adrenaline-receptor blocker12
9. Antitumor
13
10. Insecticidal
14
11. Inhibitor of cellular proliferation
15
12. Dopamine D4 antagonist
16
13. Diuretic
17
14. Cardiovascular
18
15. Tranquilizing
19
Large number of drugs possess aminopyrimidine ring system. Well-known
antimalarial agents like trimethoprim (III) and pyrimethamine (IV) possess
pyrimidine ring system.
N N
OCH3
OCH3H3CO
NH2
NH2
N N
CH3H3CO
NH2
NH2H3CO
(III) (IV)
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Peirre C. Wyss et al.20 have prepared some newer aminopyrimidines as novel
dihydrofolate reductase inhibitors. Aleem Gangjee et al.21 have described some
aminopyrimidines as potential dual inhibitors of thymidylate synthase, dihydrofalate
reductase and as potential antitumor agents. Andre Rosowasky et al.22 have reported
aminopyrimidines as potent and selective inhibitors of dihydrofalate reductase from three
major opportunistic pathogens of AIDS. Tsutumi et al.23 have documented
aminopyrimidines as adenosine receptor antagonists.
Hernandez et al.24 and Secrist J. et al.25 have prepared aminopyrimidines
showing antitumor activity. Glazier A. et al.26 and Singh J.27 found aminopyrimidines
as antiviral agents. Pan S.28 have prepared 2-methylthio-4-amino-6-(3,5-
diacetylphenyl-amino)-pyrimidines which show anti-HIV activity in H9 cell cultures.
Aminopyrimidines derivatives also possess antimicrobial,29 anti-HIV 30 and
antitumor31 activities.
Hisaki Masakutsu32 have synthesized some aminopyrimidines which are
useful in the treatment of rotaviral diseases. Robson C. et al.33 have prepared
aminopyrimidine derivatives as antifungal agents in P9P and MRP over expressive
tumor cell lines. Leanne M. et al.34 have prepared aminopyrimidines and reported
them as antiviral agent.
Bargiotti, Alberto et al.35 have studied 1,7-disubstituted guanine derivatives
for their therapeutic use as telomerase inhibitors and anticancer agent. B. J. Ghiya
et al.36 synthesized some mercapto pyrimidine derivatives (V) and screened for their
anticancer, antitubercular and anti HIV activities.
NH
N N
NH2
R3
R1
R2
CH3
(V)
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Marie Gompel and co-workers
37
have showed that meridianins inhibit various
protein kinases such as cyclin-dependent kinases, glycogen synthase kinase-3, cyclic
nucleotide-dependent kinases and casein kinase (VI).
Aleem Gangjee et al.
38
have reported 2-amino pyridine derivative(VII) as
antiangiogenic and antitumor agents.
Mai A. et al.
39
have synthesized 5-alkyl-2-alkylamino-6-(2,6-difluoro
phenylalkyl)-3,4-dihydropyrimidin-4(3H)-ones, a new series of potent, broad-spectrum
non-nucleoside reverse transcriptase inhibitors belonging to the DABO family. Vadim A.
Makarov et al.
40
have demonstrated 2-amino, 3-nitropyrazolo(1, 5-a) pyrimidines (VIII)
as anticoxsackievirus.
N
H
N
N
R
R
R
R
NH2
Meridianin A OH H H H
Meridianin B OH H Br H
Meridianin C H Br H H
Meridianin D H H Br H
Meridianin E OH H H Br
Meridianin F H Br Br H
Meridianin G H H H H
(VI)
N
N
N
H
NHBr
(VII)
NHN
N
NH2 NO2
O
R
(VIII)
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Alistair H. et al.
41
have synthesized a novel series of aminopyrimidine IKK2
inhibitors which show excellent in vitro inhibition of this enzyme and good selectivity
over the IKK1 isoform. The relative potency and selectivity of these compounds have
been rationalized using QSAR and structure-based modelling (IX).
Amjad Ali and co-workers42have designed and synthesized pyrimidine derivatives
(X) as newer antibacterial agents with inhibitor activity against DNA polymerase-II.
Yamamoto I.43 have reported some oxopyrimidines searching for the novel
antagonist or agonist of barbiturates to the sleep mechanism based on the uridine receptor.
Huang Y. L. et al.
44
have synthesized non-classical antifolates, 5-(N-phenylpyrrolidin-
3-yl)-2,4,6-triaminopyrimidines and 2,4-diamino-6(5H)-oxopyrimidines as antitumor
activity. Sanmartin C. et al.
45
have prepared new symmetrical derivatives as cytotoxic
agents and apoptosis inducers. Agarwal A. et al.
46
have synthesized 2,4,6-trisubstituted
pyrimidine derivatives as pregnancy interceptive agents.
Antonel lo Mai e t al .
47
have descr ibed 2-a lkylamino-6-[1-(2,6-
difluorophenyl)alkyl]-3,4-dihydro-5-alkylpyrimidin-4(3H)-ones (F2-NH-DABOs) 4, 5
N
N
NH
S N NH
O
O
R
(IV)
N
N
NH
O
NH2
CH3
CH3
Br
(X)
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belonging to the dihydro-alkoxy-benzyl-oxopyrimidine family and bearing different alkyl
and arylamino side chains at the C2-position of the pyrimidine ring were designed as
active against wild type human immunodeficiency virus (HIV-1) and some relevant HIV-
1 mutants (XI).
Maria T. Cocco and co-workers48 have synthesized pyrimidine derivatives (XII)
and reported their antitumoral activity.
Ha-soon Choi et al.49 have design and synthesis pyrimidine derivatives (XIII)
as potent FAK inhibitor.
NNH
O
R
NH
X
F
FR1
R = R1 =H, Me ; X = alkyl,aryl,
arylalkyl
(XI)
N
N
NH
N
X NH2
NC R1
R
(XII)
N
N
N
X
NH
OCH3
H3CO
H3CO
(XIII)
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Looking to the diversified activities exhibited and in continuation of our work on
the synthesis of biologically active heterocycles, the synthesis and biological evalution
of aminopyrimidine derivatives have been described as under.
SECTION : I SYNTHESIS AND THERAPEUTIC EVALUATION OF 6-
ARYL-4-[5 ' - (m-CHLORO-p-FLOUROPHENYL)-2' -
FURYL]-2-AMINOPYRIMIDINES
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SECTION - I
SYNTHESIS AND THERAPEUTIC EVALUATION OF 6-ARYL-4-[5'-(m -
CHLORO-p-FLOUROPHENYL )-2'-FURYL]-2-AMINOPYRIMIDINES
Looking to the interesting pharmacological and agriculture activity of
pyrimidine ring system, it was considered worthwhile to synthesize some new
4-[5'-(m-chloro-p-flourophenyl)-2'-furyl]-2-amino-pyrimidines of Type (VI) to study
their biological activities. Amino pyrimidine derivatives have been prepared by the
reaction of the chalcones of Type (I) with guanidine hydrochloride in presence of
ethanol shown as under.
The constitution of the synthesized products have been characterized by using
elemental analyses, infrared and 1H-nuclear magnetic resonance spectroscopy and
further supported by mass spectroscopy.
All the products have been screened for their in vitro biological assay like
antibacterial activity towards Gram positive and Gram negative bacterial strains
and antifungal activity towards Aspergillus niger at a concentration of 40 µg/ml.
The biological activities of the synthesized compounds were compared with standard
drugs. The details have been cited in Part-I, Section-I (D).
NH2 NH2 . HCl
NH
Ethanol
O
F
Cl
R
O
O N
N
R
NH2
F
Cl
Type-(VI) R = Aryl
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IR SPECTRAL STUDIES OF 6-(p-TOLYL)-4-[5 '- (m - C H L O R O - p -
FLOUROPHENYL)-2'-FURYL]-2-AMINOPYRIMIDINE
Instrument : SHIMADZU-FT-IR 8400-Spectrophotometer ; Frequency range : 4000-400cm-1
(KBr disc.)
10.0
20.0
30.0
40.0
50.0
60.0
70.0
%T
500.0750.01000.01250.01500.01750.02000.03250.0
1/cmaminopyrimidinep-br
418.5
532.3
642.3
704.0
756.0
825.5
883.3
947.0
997.1
1041.5
1085.8
1116.7
1178.4
1190.0
1224.7
1249.8
1286.4
1303.8
1336.6
1386.7
1417.6
1450.4
1504.4
1533.3
1620.1
2925.8
3066.6
3448.5
Cl
F
O
N N
NH2
CH3
Observed
Alkane C-H str. (asym.) 2925 2975-2950 50
-CH3 C-H i.p.def. (asym.) 1450 1475-1435 ,,
C-H o.o.p. def. (sym.) 1357 1390-1360 ,,
Aromatic C-H str. 3030 3080-3030 51
C=C str. 1504 1520-1480 ,,
C-H i.p.def. 1041 1070-1000 ,,
C-H o.o.p.def. 825 835-810 ,,
Furyl moiety C-O-C str. (sym.) 1249 1275-1200 50
C-O-C str. (asym.) 1041 1075-1010 ,,
C-F str. 1336 1300-1100 ,,
C-Cl str. 756 800-750 51
Pyrimidine N-H str. (sym.) 3448 3450-3350 ,,
C=N str. 1620 1640-1500 ,,
C-N str. 1190 1220-1020 ,,
Type
Reported
Frequency in cm-1Vibration
Mode Ref.
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NMR SPECTRAL STUDIES OF 6-(p-TOLYL)-4-[5'-( m - C H L O R O - p -
FLOUROPHENYL )-2'-FURYL]-2-AMINOPYRIMIDINE
b
a
c
d
d'e
e'
x
O
N
N
CH3
NH2
F
Cl
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EXPANDED AROMATIC REGION
ba
c
d
d'
e
e'
x
O
N N
CH3
NH2
F
Cl
1 2.49 3H singlet Ar-CH3 -
2 7.11 2H doublet Ar-He,e ’ Jed = 8.7
3 7.20 1H doublet furyl-H J = 3.6
4 7.36 1H doublet furyl-H J = 3.6
5 7.75 1H doublet Ar-Ha Jij = 8.4
6 7.84 1H singlet -CHx -
7 7.94 1H double doublet Ar-Hb Jba = 8.4
Jbc = 1.8
8 8.17 1H doublet Ar-Hd,d’ Jde = 8.7
9 8.24 2H doublet Ar-Hc Jcb = 1.8
Signal
No.
Signal Position
(ppm)
Relative No.
of protons
Multiplicity Inference J ValueIn Hz
Instrumental Standard : TMS; Solvent: CDCl3 ; Instrument : BRUKER Spectrometer
(300MHz)
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EXPERIMENTAL
SYNTHESIS AND THERAPEUTIC EVALUATION OF 6-ARYL-4-[5'-(m-
CHLORO-p-FLOUROPHENYL)-2'-FURYL]-2-AMINOPYRIMIDINES
[A] Synthesis of 5-(m-Chloro-p-flourophenyl)-2-furaldehyde
See, Part-I, Section-I(A)
[B] Synthesis of 1-(p-Tolyl)-3-[5'-(m-chloro-p-flourophenyl)-2'-furyl]-2-
propene-1-one
See, Part-I, Section-I(B)
[C] Synthesis of 6-(p-Tolyl)-4-[5'-(m-chloro-p-flourophenyl)-2'-furyl]-2-
aminopyrimidine
A mixture of 1-(p-tolyl)-3-[5'-(m-chloro-p-flourophenyl)-2'-furyl]-2-
propene-1-one (3.40g, 0.01M) and guanidine hydrochloride (1.10g, 0.01M) was
refluxed in potassium-t-butoxide (1.12g, 0.01M) in t-butanol (20 ml) on a water-
bath for 4-5 hours. The solvent was distilled off and the residue was neutralized with
20% HCl, the separated solid was filtered out and crystallised from dioxane. Yield 58%,
m.p. 170oC. (C21H15ClFN3O; required: C, 66.41; H, 3.98; N, 11.06%;
found : C, 66.38; H, 3.95; N, 11.03%).
Similarly other 6-aryl-4-[5'-(m-chloro-p-flourophenyl)-2'-furyl]-2-amino
pyrimidine were prepared. The physical constants are recorded in Table No. 6.
[D] Antimicrobial activity of 6-Aryl-4-[5'-(m-chloro-p-flourophenyl)-2'-furyl]-
2-amino pyrimidines
Antimicrobial testing were carried out as described in Part-I Section-I (D). The
zones of inhibition of test solution are recorded in Graphical Chart No.6
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INTRODUCTION :
Cyclohexenones are derivatives of cyclohexane with carbonyl group at
posit ion-1 and double bond at position-2 (I). There are different types of
cyclohexenone derivatives but the greatest difference in structure and properties is
exerted by the groups attached to carbon atom.
Cyclohexenone is the parent of a series of compounds that is important in
agricultural and medicinal chemistry. Cyclohexenones can be conveniently
synthesized by the treatment of -unsaturated carbonyl compounds with
ethylacetoacetate in basic media.
In recent years cyclohexenone derivatives have gained lot of interest because of
its prominent pharmaceutical properties.
SYNTHETIC ASPECT :
Different methods for the preparation of cyclohexenone derivatives have been
described in literature.1-14
(I) Eman H. A. et al.15 have been prepared cyclohexenone derivatives (II) from
chalcones.
O
(I)
NX S
O
O
O
R
NX S
O
O
O
COOEt
R
K2CO3 / Acetone
EAA
(II)
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(II) Shklyaev A. S. et al.16 have synthesized 1-substituted (R,S)-8-(2-methoxy-5-
methylphenyl)-3,3,9-trimethyl-2-azaspiro[4,5]deca-1,7-dien-6-ones (III).
(III) A review of the earlier literature by Gerald et al.17 described representative
synthetic procedure of cyclohexenone derivatives (IV).
(IV) Page Philip C. and co-workers18 have prepared substituted cyclohexenone
derivatives (V).
MECHANISM
The addition reaction between ethylacetoacetate and,-unsaturated ketone
give cyclohexenone via. Michael addition. This reaction has been carried out in basic
media by using sodium ethoxide or anhydrous K2CO3 in acetone, during the reaction,
nucleophilic addition of carbanion take place to the C=C of the acceptor. The,-
unsaturated compound is known as acceptor and ethylacetoacetate is known as donor.
NH
O
CH3
COOEt
CH3
CH3
(III)
O
SS
CH3O
Et
O
SS
O
Methyl vinyl ketone
(IV)
(V)
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THERAPEUTIC EVALUATION
Cyclohexenone and its derivatives are widely used in pharmaceutical industry.
Considerable interest has been shown in the chemistry of cyclohexenones due to their
wide spectrum of therapeutic activities which are listed as under.
1. Herbicidal19
2. Analgesic20
3. Antiinflammatory21
4. Anticonvulsant22
5. Antibacterial23
6. Antithrombitics24
7. Antagonist25
8. Antibiotic26,27
9. Cardiovascular28
Antimicrobial activity of cyclohexenones have been studied by Salama and
Atshikh.29 Cyclohexenone possess neutropeptide-receptor antagonist activity which
was reported by Takehiro and co-workers.30
R
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Broughton Howard31 have demonstrated cyclohexenone as GABA a5 receptor
ligands for enhancing coagulating properties. Cyclohexenones possess inhibitory activity
against the growth of lettuce seeding found by Kimura and co-workers.32
Cyclohexenones have various medicinal applications as an antiarrhythmic activity33
of some cyclohexenone derivatives have been investigated. Cyclohexenone possess
cardiovascular, osteoporosis, menpausal symptoms, estrogen dependent, cancer activities,
which was reported by Jacobsen Poul et al.34
Cyclohexenone and its derivatives have been prepared and reported as broad
spectrum of physiological properties viz., antibiotics,35,36 bactericidal,37 herbicidal,38
antimicrobial,39 anticonvulsant40 etc. Alekseeva L. M. and co-workers41 have synthesized
cyclohexenone derivatives which are useful as neurotropic activity. Toshiyuki et al.42
have prepared some novel cyclohexenone and screened for their allergy inhibitor,
antithrombotic platelet aggregation inhibitors and fibrinogen antagonist activity.
The presence of pesticidal activity among cyclohexenone derivatives is well
documented . The compound 2-{(E,Z)-1-[ (2R,S)-2-(4-chlorophenoxy)
propoxyimino]butyl}-3-hydroxy-5-thian-3-yl)cyclohex-2-en)-one (VI) has been
marketed under the name of ‘Profoxydim’ as an herbicides.
Alan J. Anderson et al.43 have synthesized cyclohexenone derivative and studied
on the anticonvulsant activity and potential type IV phosphodiesterase inhibitor (VII).
Yasuko Takahashi et al.44 have reported cyclohexenone derivatives and studied on novel
g-secretase inhibitor (VIII).
S
N
CH3
O
O O
CH3
Cl
OH
(VI)
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Eddington N. D. et al.
45
have synthesized ethyl 4-[(substituted phenyl)amino]-6-
methyl-2-oxocyclohex-3-ene-1-carboxylates (IX) and screened their anticonvulsant
activity. Cragoe, Edward J. et al.
46
have prepared 2,3-dihydro-5-(3-oxo-2-cyclohexen-
1-yl)-2-benzofurancarboxylic acids (X) and their salts which are used in the treatment
of brain injury.
K. R. Scott et al.
47
have synthesized cyclohexenone derivative (XI) and studied
on the anticonvulsant activity.
NH
EtOOC
CH3
O
Cl
O
R1
O
R6
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R3R2
RCO
X
Y
(IX) (X)
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NH O
R1 R2
(VII)
N
O O
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Indazole or benzopyrazoles a heterocyclic ring system in which a benzene ring is
fused to two carbon atoms of a pyrazole ring , is capable of existing in three tautomeric
forms (I, II, III).
48 Although the chemistry of indazoles has been extensively studied,
they have not been found in natural products and are at the present time of little
commercial use. It was first described by Buchner in 1869.
SYNTHETIC ASPECT
Several methods49-54 are available for the preparation of indazoles. Some of these
are as under.
(I) An other synthesis is that due to Ainsworth (1957).
(II) Qui-Guo Fu et al.55 have reported that in presence of PPA 2,6-dialkoxyl or
hydroxyl acetophenone hydrazones were cyclized to indazoles.
(III) Shri Niwas and co-workers56 have synthesized few indazole derivatives from
cyclohexenone intermediates.
N
N
H
NH
N
N
N
(I) (II) (III)
O O
CHOH
NH
N
HCO2Et
Na
N2H4 N
N
H
Pd-C
CH3
O
CO2CH3
N
H
N
CH3
OH
OH
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(IV) Recently, a facile synthesis of substi tuted indazoles from 2-acyl aryl
mesylates and hydrazine was described by Carom Stephane et al.57
(V) Okhim L. Yu et al.58 have synthesized some indazole derivatives by heating
benzylidene aniline derivatives in DMF.
(VI) The most frequently used route for synthesis of indazole ring system consists
of the diazotization of substituted anilines, e.g. o-toludine leds to the parent
indazoles.59
THERAPEUTIC IMPORTANCE
It is revealed from the literature survey that indazole derivatives are better
therapeutic agents and they have been found possessing various biological activities
reported as under.
1. Antineoplastic60
2. Antipsychotic61,62
3. Antitumor63
4. Antiviral64,65
5. Fungicidal66
6. Herbicidal67,68
N
O2N
N3
R2
R1
R
DMF
 N
N
O2N
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R
CH3
NH2
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CH3
N+
N
R N
N
H
HNO2 R
(CH3)4N
+
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7. Antiallergic69
8. Antibacterical70,71
9. Antidepressant72
10. Antiinflammatory73
Moreover, Effland Richard Charles et al.74 have synthesized 3-(pyridylamino)-
indazoles(IV) and reported their use as antidepressants and anxiolytics. Some sulfonyl
indazoles (V) synthesized by Duzinska Usarewicz et al.75 and found to possess
antiinflammatory activity. Butera John et al.76 have prepared some indazole derivatives
which are useful as potassium channel activators.
Ioannis K. Kostakis and co-workers77 have synthesized indazole (VI) derivative
and reported their ability to overcome multidrug resistance toward MES-SA/D*5 cells.
Furthermore, Fukunaga K. et al.78 have reported 3-[2-[4-(3-chloro-2-
methylphenyl)-1-piperazinyl]ethyl]-5,6-dimethoxy-1-(4-imidazolylmethyl)-1H-indazole
dihydrochloride, a novel calmodulin antagonist, possesses neuro protective activity. Mosti
L. et al.79 have documented novel N-substituted 1-amino-3-[1-methyl(phenyl)-1H-
indazol-4-yloxy]-propen-2-ol as potential antiarrhythmic, local anaesthetic and analgesic
N
N
N
H
NH
N
N
H
R
CH2SO2Ph
R
(IV) (V)
O
N N
N CH3
CH3
(VI)
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agents. Lee F. Y. and co-workers
80
have synthesized 1-benzyl-3-(5’hydroxymethyl-2’-
furyl)indazole analogues as novel antiplatelet agents. Pinna G. A. et al.
81
have synthesized
bisbenzo[g]indazol-3-carboxamides and related dimers and checked their antiproliferative
activity. Li Jiau Huang et al.
82
have documented indazole derivative (VII) as a novel
antigiogenic agents.
Ooe Takanon et al.
83
have prepared some indazole derivatives which showed
activity for enhancing macrophage phagocytosis, improving immunity and antitumor
activity. Yamaguchi Masahisa et al.
84
have reported some indazole derivatives as novel
antiasthametic agents with dual activities of thromboxane A2 synthetase inhibitors and
bronchodialtion. The remarkable cytotoxic activity of indazole derivatives have been
reported by Aran Vincente J et al.
85
Nishino, Shigehide et al.
86
have prepared 3-carboxy-5-(1-carboxy ethyl)indazole
(VIII) which was used as intermediate for the preparation pesticides. Stack, Gary Paul
and co-workers
87
have prepared antipsychotic aminomethyl derivatives of 7,8-dihydro-
3H-6,9-dioxa-2,5-diaza-cyclopenta[a]naphthalene (IX).
R
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The indazoles have attracted considerable attention in the last 25 years, because
of several commercially useful drugs contain pyrazole ring system. For example
Antipyrine (X) has potent antipyretic activity. Similarly Butazolidine (XI) has proved
a powerful antiinflammatory drug used for rheumatic patients. Pyrazofurin (XII) shows
activity against a number of viruses. Moreover, Ethylchlozate (XIII) is used as a plant
growth regulators.
Alejandra Gerpe et al.
88
have synthesized N-oxide derivatives of indazole (XIV)
and reported their antichagasic and leishmanocidal activity. Christopher M. McBride et
al.
89
have reported indazole derivative (XV) as inhibitors of receptor tyrosin kinase (RTK).
Nicolus Foloppe and co-workers
90
have reported indazole derivatives as potent
and selective inhibitors of Chk1. L. Bouissane et al.
91
have reported indazole derivative
as potent cell cycle inhibitors (XVI).
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Moreover, Hwang I. T. et al.
92
have synthesized some new 2-phenyl-4,5,6,7-
tetrahydro-2H-indazole derivatives as paddy field herbicides. Tanitame A. et al.93 have
reported the design, synthesis and structure-activity relationship studies of novel indazole
analogues as DNA gyrase inhibitors with Gram-positive antibacterial activity(XVII). Nasr
M. N. et al.94 have prepared some novel 3,3a,4,5,6,7-hexahydroindazole and
arylthiazolylpyrazoline derivatives as antiinflammatory agents. Pinna G. A. et al.95 have
described the synthesis of chromophore-modified bis-benzo[g]indole carboxamides
synthesis and antiproliferative activity of bis-benzo[g]indazole-3-carboxamides.
Recently, Abouzid K. A. et al.96 have synthesized and tested for antiinflamma-
tory activity of newer indazolones. Wang Q. et al.97 have described the synthesis and
herbicidal activity of 2-cyano-3-substituted-pyridinemethylaminoacrylates. Wang Q. et
al.98 have synthesized and herbicidal activity of 2-cyano-3-(2-chlorothiazol-5-
yl)methylaminoacrylates. Kakimoto T. et al.99 have prepared some new 3,3a,5,9b-
tetrahydro-2H-furo[3,2-c][2] benzopyran derivatives: synthesis of chiral glycol benzyl
ether herbicides. Rajni Garg et al.100 have synthesized indazole derivatives of type (XVIII)
and use as HIV-1 protease inhibitor.
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N N
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OH OH
N
N
H
NH R3
(XVIII)
Design and Synthesis ...
Studies on Indazoles...
145
Ikeguchi M. et al.101 have documented the synthesis and herbicidal activity of
new oxazinone herbicides with a long-lasting herbicidal activity against Echinochloa
oryzicola. Anil Vasudevan et al.102 have synthesized indazole derivatives of type (XIX)
as orally efficacious melanin concentrating hormone receptor-1 antagonists.
In light of wide varieties of biological activities exhibited by cyclohexenones and
indazoles, it appeared of interest to synthesize cyclohexenones and indazole derivatives,
in order to achieving compounds having better therapeutic activity described as under.
SECTION-I : SYNTHESIS AND THERAPEUTIC EVALUATION OF
3-ARYL-5-[5'-(m-CHLORO-p-FLOUROPHENYL)-2'-
FURYL]-6-CARBETHOXY-2-CYCLOHEXENONES
SECTION-II : SYNTHESIS AND THERAPEUTIC EVALUATION OF 6-
ARYL-4-[5'-(m-CHLORO-p-FLOUROPHENYL)-2'-FURYL]-
3-OXO-,3a,4,5-TETRAHYDRO-2H-INDAZOLES
N
N
R2
NH N R1
(XIX)
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SECTION-I
SYNTHESIS AND THERAPEUTIC EVALUATION OF 3-ARYL-5-[5'-(m-
C H L O R O - p - F L O U R O P H E N Y L ) - 2 ' - F U RY L ] - 6 - C A R B E T H O X Y- 2 -
CYCLOHEXENONES
Cyclohexenone derivatives have considerable attention in view of their
potential pharmacological properties such as antimicrobial, anticonvulsant,
anticancer, etc. led by these considerations, the preparation of cyclohexenone
derivatives of Type-(VII) has been undertaken. The synthesis was carried out by
the condensation of 1-aryl-3-[5'-(m-chloro-p-flourophenyl)-2'-furyl]-2-propene-1-
ones of Type-(I) with ethyl acetoactate shown in presence of basic catalyst like K2CO3
shown as under.
The structure elucidation of synthesized compounds have been done on the
basis of elemental analyses, infrared and 1H nuclear magnetic resonance spectroscopy
and further supported by mass spectrometry.
All the compounds have been evaluated for their in vitro biological assay
like antibacterial activity towards gram positive and gram negative bacterial strains
and antifungal activity towards Aspergillus niger at a concentration of 40 µg/ml.
The biological activities of synthesized compounds were compared with standard
drugs.
Ethyl acetoacetate
K2CO3
O
O
Cl
F
R
O
OH5C2OOC
R
F
Cl
Type-(VII) R = Aryl
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Ref.
IR SPECTRAL STUDIES OF 3-(p-CHOROPHENYL)-5-[5'-(m-CHLORO-p-
FLOUROPHENYL)-2'-FURYL]-6-CARBETHOXY-2-CYCLOHEXENONE
Instrument : SHIMADZU-FT-IR 8400-Spectrophotometer ; Frequency range : 4000-400
cm-1 (KBr disc.)
Observed
Alkane C-H str. (asym.) 2964 2975-2950 103
-CH3 C-H str. (sym.) 2869 2880-2860 ,,
C-H i.p.def. (asym.) 1444 1475-1435 ,,
C-H o.o.p. def. (sym.) 1371 1390-1360 ,,
Aromatic C-H str. 3031 3080-3030 104
C=C str. 1492 1520-1480 ,,
C-H i.p.def. 1022 1070-1000 ,,
C-H o.o.p.def. 821 835-810 ,,
Furyl moiety C-O-C str. (sym.) 1242 1275-1200 103
C-O-C str. (asym.) 1022 1075-1010 ,,
C-F str. 1371 1300-1100 ,,
C-Cl str. 790 800-750 104
Cyclohe- C=O str. of ester 1747 1750-1725 ,,
xenone C=O str. of 1708 1720-1690 ,,
cyclohexenone
Type
Reported
Frequency in cm-1Vibration
Mode
0.0
20.0
40.0
60.0
80.0
100.0
%T
500.0750.01000.01250.01500.01750.02000.03250.0
1/cmCYCLO HEHINONE
434.0
480.2
569.0
655.8
700.1
748.3
765.7
790.8
821.6
854.4
871.8
935.4
954.7
1022.2
1070.4
1093.6
1136.0
1222.8
1242.1
1371.3
1444.6
1492.8
1535.2
1589.2
1654.8
1708.81747.4
2869.9
2920.0
2964.4
3031.9
3388.7
O
OO
O
Cl
Cl
F
CH3
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NMR SPECTRAL STUDIES OF 3-(p-ANISYL)-5-[5'-(m-CHLORO-p-
FLOURO)-2'-FURYL]-6-CARBETHOXY-2-CYCLOHEXENONE
b
a
c
d
d'e
e'
O
O
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O
CH3
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Hn
Ho
Hk
Cl
F
O
CH3
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EXPANDED AROMATIC REGION
1 1.12 3H triplet -CH3-CH2 -
2 2.14 1H doublet -CHm -
3 2.40 1H doublet -CHl -
4 3.22 1H doublet -CHo -
5 3.73 3H singlet -OCH3 -
6 3.95 1H multiplet -CHk -
7 4.14 2H quartet -CH3-CH2 -
8 5.64 1H singlet -CHn -
9 6.32 1H doublet furyl-H J = 3.3
10 6.91 2H doublet Ar-He,e ’ Jed = 8.4
11 7.03 1H doublet furyl-H J = 3.3
12 7.43 2H doublet Ar-Hd,d’ Jde = 8.7
13 7.61 1H double doublet Ar-Hb Jba =8.4
14 7.70 1H doublet Ar-Ha Jab=7.2
15 7.86 1H doublet Ar-Hc Jcb=1.2
Signal
No.
Signal Position
(ppm)
Relative No.
of protons
Multiplicity Inference J Value
In Hz
Instrumental Standard : TMS; Solvent: CDCl3 ; Instrument : BRUKER Spectrometer (300MHz)
ba
c
d
d'
e
e'
O
OO
OCH3
Hm Hl
Hn
Ho
Hk
Cl
F
O
CH3
Design and Synthesis ...
Studies on Indazoles...
150
M
A
SS
SP
E
C
T
R
A
L
ST
U
D
IE
S
O
F
3-
(p
-C
H
O
R
O
P
H
E
N
Y
L
)-
5-
[5
'-
(m
-C
H
L
O
R
O
-p
-F
L
O
U
R
O
)-
2'
-F
U
R
Y
L
]-
6-
C
A
R
B
E
T
H
O
X
Y
-2
-
C
Y
C
L
O
H
E
X
E
N
O
N
E
M
/Z
=
47
3
Design and Synthesis ...
Studies on Indazoles...
151
EXPERIMENTAL
SYNTHESIS AND THERAPEUTIC EVALUATION OF 3-ARYL-5-[5'-(m-
C H L O R O - p - F L O U R O P H E N Y L ) - 2 ' - F U RY L ] - 6 - C A R B E T H O X Y- 2 -
CYCLOHEXENONES
[A] Synthesis of 5-(m-Chloro-p-flourophenyl)-2-furaldehyde
See,Part-I, Section-I(A)
[B] Synthesis of 1-(p-Tolyl)-3-[5'-(m-chloro-p-flourophenyl)-2'-furyl]-2-
propene-1-one
See Part-I, Section-I(B)
[C] Synthesis of 3-(p-Anisyl)-5-[5'-(m-chloro-p-flourophenyl)-2'-furyl]-6-
carbethoxy-2-cyclohexenone
A mixture of 1-(p-anisyl)-3-[5'-(m-chloro-p-flourophenyl )-2'-furyl]-2-
propene-1-one (3.40g, 0.01M), ethylacetoacetate (1.3 ml, 0.01 M) and K2CO3
(1.38 g,0.01 M) was taken into dry acetone (30-40 ml) and then the mixture was
stirred at room temperature till the acetone is evaporated off. The contents were
then poured into crushed ice and neutrallised with HCl. The product separated was
filtered and crystallised from ethanol. Yield 54%, m.p. 226oC. (C26H22ClFO5
required: C, 66.60; H, 4.73%; found: C, 66.56; H, 4.70%).
Similarly other 3-aryl -5-[5 '-(m-chloro-p-f lourophenyl)-2 '-furyl] -6-
carbethoxy-2-cyclohexenones were prepared. The physical constants are recorded
in Table No. 7.
[D] Antimicrobial activity of 3-Aryl-5-[5'-(m-chloro-p-flourophenyl)-2'-
furyl]-6-carbethoxy-2-cyclohexenones
Antimicrobial testing were carried out as described in Part-I, Section-I(D).
The zones of inhibition of test solution are reported in Graphical Chart No. 7.
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SECTION-II
SYNTHESIS AND THERAPEUTIC EVALUATION OF 6-ARYL-4-[5'-(m-
CHLORO-p-FLOUROPHENYL]-3-OXO-3,3a,4,5-TETRAHYDRO-2H-
INDAZOLES
Various derivatives of indazole exhibit interesting biological properties like
anticancer, antiinflammatory, anticonvulsant, antipyretic etc. With a view to prepare
more potential drug value compounds, we have carried out the synthesis of indazole
derivatives of Type-(VIII), which have been prepared by the condensation of
cyclohexenone derivatives of Type-(VII) with hydrazine hydrate in presence of glacial
acetic acid, which have been briefed as under.
The constitution of the synthesized products have been characterized by using
elemental analyses, infrared and 1H-nuclear magnetic resonance spectroscopy and
further supported by mass spectroscopy.
All the products have been screened for their in vitro biological assay like
antibacterial activity towards Gram positive and Gram negative bacterial strains
and antifungal activity towards Aspergillus niger at a concentration of 40 µg/ml.
The biological activities of the synthesized compounds were compared with standard
drugs. The details have been cited in Part-I, Section-I (D).
NH2NH2.H2O
Ethanol
CH3COOH
O
OH5C2OOC
R
F
Cl
O
N
H
N
O
R
F
Cl
Type-(VIII) R = Aryl
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IR SPECTRAL STUDIES OF 6-(p-TOLYL)-4-[5 '- (m-CHLORO-p-
FLOUROPHENYL)-2' -FURYL]-3-OXO-3,3a ,4 ,5-TETRAHYDRO-2H-
INDAZOLE
Instrument : SHIMADZU-FT-IR 8400-Spectrophotometer ; Frequency range : 4000-400
cm-1 (KBr disc.)
0.0
20.0
40.0
60.0
80.0
100.0
%T
500.0750.01000.01250.01500.01750.02000.03250.0
1/cmindazole p-och3
501.5
530.4
621.0
657.7
684.7
773.4
802.3
835.1
866.0
952.8
1020.3
1055.0
1176.5
1247.9
1265.2
1292.2
1413.7
1450.4
1504.4
1550.7
1616.2
1672.2
2837.1
2956.7
3045.4
3288.4
N
N
H
CH3
O
F
Cl
O
Observed
Alkane C-H str. (asym.) 2956 2975-2950 103
-CH3 C-H str. (sym.) 2837 2880-2860 ,,
C-H i.p.def. (asym.) 1450 1475-1435 ,,
Aromatic C-H str. 3045 3080-3030 104
C=C str. 1504 1520-1480 ,,
C-H i.p.def. 1020 1070-1000 ,,
C-H o.o.p.def. 835 835-810 ,,
Furyl moiety C-O-C str. (sym.) 1247 1275-1200 103
C-O-C str. (asym.) 1055 1075-1010 ,,
C-F str. 1265 1300-1100 ,,
C-Cl str. 773 800-750 104
Indazole N-H str. 3288 3400-3200 ,,
C=O str. 1672 1680-1640 ,,
N-H def. 1616 1650-1580 ,,
C=N str. 1550 1640-1500 103
Type
Reported
Frequency in cm-1Vibration
Mode
Ref.
Design and Synthesis ...
Studies on Indazoles...
156
NMR SPECTRAL STUDIES OF 6-(p-ANISYL)-4-[5'-(m-CHLORO-p-
FLOUROPHENYL)-2' -FURYL]-3-OXO-3,3a ,4,5-TETRAHYDRO-2H-
INDAZOLE
b
a
c
d
d'e
e'
O
Hm
Hl
Hn
Hk
NH
N
O
Ho
Cl
F
O
CH3
Design and Synthesis ...
Studies on Indazoles...
157
EXPANDED AROMATIC REGION
Instrumental Standard : TMS; Solvent: CDCl3 ; Instrument : BRUKER Spectrometer
(300MHz)
1 2.11 1H doublet -CHl -
2 2.63 1H doublet -CHm -
3 3.00 1H doublet -CHo -
4 3.72 3H singlet -OCH3 -
5 4.14 1H singlet -CHk -
6 5.21 1H singlet -CHn -
7 6.22 1H doublet furyl-H J = 3.3
8 6.87 2H doublet Ar-He,e ’ Jed = 8.7
9 6.98 1H doublet furyl-H J = 3.3
10 7.47 2H doublet Ar-Hd,d ’ Jed = 8.7
11 7.58 1H doublet Ar-Hb Jba = 8.5
12 7.63 1H doublet Ar-Ha Jab = 8.7
13 7.83 1H doublet Ar-Hc -
Signal
No.
Signal Position
(ppm)
Relative No.
of protons
Multiplicity Inference J Value
In Hz
b
a
c
d
d'
e
e'
O
Hm Hl
Hn
Hk
N
H
N
O
Ho
Cl
F
O
CH3
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EXPERIMENTAL
SYNTHESIS AND THERAPEUTIC EVALUATION OF 6-ARYL-4-[5'-(m-
CHLORO-p-FLOUROPHENYL]-3-OXO-3,3a ,4 ,5-TETRAHYDRO-2H
INDAZOLES
[A] Synthesis of 5-(m-Chloro-p-flourophenyl)-2-furaldehyde
See, Part-I, Section-(A)
[B] Synthesis of1-Aryl-3-[5'-(m-chloro-p-flourophenyl)-2'-furyl]-2-propene-
1-ones
See, Part-I, Section-I(B)
[C] Synthesis of 3-(p-Tolyl)-5-[5'-(m-chloro-p-flourophenyl)-2'-furyl]-6-
carbethoxy-2-cyclohexenone
See, Part-V, Section-I(C)
[D] Synthesis of 6-(p-Anisyl)-4-[5'-(m-chloro-p-flourophenyl)-2'-furyl]-3-
oxo-3,3a,4,5-tetrahydro-2H-indazole
A mixture of 3-(p-anisyl)-5-[5'-(m-chloro-p-flourophenyl)-2'-furyl]-6-
carbethoxy-2-cyclohexenone (4.52g, 0.01M) and hydrazine hydrate (1.0g, 0.02M) in
methanol was refluxed for 5 hrs. The mixture was poured on crushed ice and neutrallised
with HCl. The product separated was filtered and crystallised from DMF. Yield 66%,
m.p. 184oC. (C24H18ClFN2O3; required : C, 65.98; H, 4.15; N, 6.41%; found : C,
65.98; H, 4.12; N, 6.39%).
Similarly other 6-aryl-4-[5'-(m-chloro-p-flourophenyl)-2'-furyl]-3-oxo-
3,3a,4,5-tetrahydro-2H-indazoles were prepared. The physical constants are recorded
in Talbe No. 8.
[E] Antimicrobial activity of 6-Aryl-4-[5'-(m-chloro-p-flourophenyl)-2'-
furyl]-3-oxo-3,3a,4,5-tetrahydro-2H-indazole
Antimicrobial testing were carried out as described in Part-I, Section-I (D). The
zones of inhibition of test solutions are recorded in Graphical Chart No. 8.
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INTRODUCTION
Thiazolidinones, which belong to an important group of heterocyclic
compounds have been extensively explored for their applications in the field of
medicine. Thiazolidinones, with a carbonyl group at position 2 in structure (I) and
position 4 or 5 in structure(II) have been subjected of extensive study in the recent
past. Numerous reports have appeared in the literature which highlight their
chemistry and use.
4-Thiazolidinones are derivatives of thiazolidine with carbonyl group at
4-position (II). Substituent in the 2, 3 and 5 positions may be varied, but the greatest
different in structure and properties is exerted by the groups attached to carbon
atom at the 2-position and to nitrogen atom at the 3-position. The cyclic structure
was assigned after recognition of mercaptoacetic acid as a primary product of
hydrolysis of 3-phenyl-2-phenylimino-4-thiazolidinones.
1
A well known antibiotic, actithiazic acid (IV), isolated from a species of
streptomyces shows specific in vitro activity against M. tuberculosis, but it is
inactive in vivo probably due to antagonisation by biotin, bears the 4-thiazolidinone
skeleton
SYNTHETIC ASPECT
Several methods for the preparation of 4-thiazolidinones are narrated in
literature
2-10
(I) (II) (III) (IV)
S
N
H O
S
NH
O
S
NH
O
S
NH
O
(CH2)5COOH
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1. Anshu Dandia and co-workers
11
have synthesized thiazolidinon derivatives and
reported their antifungal activity.
2. Bioactive venlafaxine analogs such as 2,3-disubstituted-1,3-thiazolidinones have
been synthesized and reported as antimicrobial agent by C. V. Kavitha and co-
workers.
12
3. Denis R. St. Laurent et al.
13
have synthesized 4-thiazolidinones derivatives by
the cyclization unsymmetrical thioureas.
MECHANISM
The reaction of 4-thiazolidinones proceeds by the attacks of the chloroacetic
acid upon the C=S group, the tautomerism takes place with removal of HCl followed by
removal of water and subsequent cyclization.
N
H
O
O
R
+ Het NH2 + HS
COOH
R
MW
4-7 min.
N
H
O
S
N
R
O
Het
R
+ R CHO
SH COOH
DCC, THF or
MW irr
H3CO
NH2
OH
H3CO
OH
N S
R
O
EtO
O
Br
R2
X
N
N
S
N
R1
R2
O
X
N
NH
S NH
R1
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THERAPEUTIC IMPORTANCE
Much research has been carried out with the aim to finding therapeutic values of
thiazolidinone moiety since their discovery. The thiazolidinones, substituted at 2 and 3
position are reported to exhibit a wide variety of biological activities.
1. Antibacterial14,15
2. Antitubercular16,17
3. Anti HIV and anticancer18
4. Antidiabetic19
5. Insecticidal20
6. Herbicidal21
7. Anthelmintics22,23
8. Cardiovascular24
9. Mosquito repellent25
10. Antiviral26
11. Hypnotic27-29
12. Antifungal30-32
13. Antitumor33
14. Antiulcer34,35
NH
R
NH
S
R
NH
R
N
SH
R
OH
O
Cl
S
NH
N
R
HOOC
R
S
N
N
R
O
R
R'-CHO
S
N
N R
O
R
R'
-H2O
-HCl
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15. Local anaesthetic36
16. Antimicrobial37,38
Pawar and co-workers39 reported synthesis and in vitro antibacterial activity of
some 4-thiazolidinone derivatives. Goel et al.40 have synthesized thiazolidinone derivatives
and compared their antiinflammatory activity, ulcerogenic liability, cardiovascular and
CNS effects. In other study, some thiazolidinones have been found to be promising
antibacterial agent.41,42Maria Letizia et al.43 have discovered 2,3-diaryl-1,3-thiazolidinones
derivatives (V) as anti-HIV-1 agents. Rosaria Ottana et al.44 have designed and
synthesised 5-arylidene-2-imino-4-thiazolidinones derivatives (VI) as novel anti-
inflammatory agents.
Siddique Mohammed et al.45 have prepared substituted thiazolidinones (VII) and
reported their antibacterial, antifungal, antithyroid and amoebicidal properties.
Akama Tsutoma et al.46 have synthesized thiazolidinones as a Telomeres inhibitors.
S. Guniz Kucukguzel et al.47 have synthesized thiazolidinones as antimicrobial and
anticancer agent.
N
S
Ar
O
R1
R
N N
S
O
C3H7
R(V) (VI)
R4
R3R5
S
N
O
S
R2
R1
(VII)
R1 = OH
R2, R4, R5 = H
R3 = Me
Design and Synthesis ...
Studies on Thiazolidinones...
173
Recently, S. K. Srivastava et al.48 have prepared new thiazolidinones as
antibacterial, antifungal, analgesic and diuretic agents. Fujiwara Norio et al.49 have
synthesized thiazolidinones as antiinflammatory agent. Pfahl Magnus et al.50 have reported
thiazolidinones and tested their phosphatase inhibitory and anticancer activity. Jag Mohan
et al.51 have prepared thiazolidinones (VIII) and reported their antimicrobial activity.
Govindarajan R. et al.52 have synthesized thiazolidinones as antitubercular,
antifungal and antibacterial agent. Dinh T. H. et al.53 have prepared and reported
antibacterial and antifungal activity of thiazolidinones. Takagi Masae and co-workers54
have synthesized thiazolidinones and screened for their antiinflammatory activity. Ma
Tonghui et al.55 have documented thiazolidinones as CFTR (cystic fibrosis transmembrane
conductance regulator) inhibitor. M. G. Vigorita et al.56 have reported 4-thiazolidinone
derivatives (IX) as anti-inflammatory and analgesic agents.
Rosaria Ottana et al.57 have synthesized 4-thiazolidinone derivatives as
antiproliferative activity against human colon cancer cell. Anshu Dandia and co-workers58
have reported thiazolidinon derivatives as potential antifungal and antitubercular agents.
R = H, Alkyl
R
NH
O
S
N
H O
(VIII)
S
N
O
N
S
O
R
R
(IX)
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Hassan et al.59 have prepared 2-imino-4-thiazolidinones which have been found
to possess antimicrobial activity. K. Mogilaiah and co-workers60,61 isolated some 4-
thiazolidinone derivatives and tested their antibacterial activity. G. S. Godaginamath et
al.62 also prepared thiazolidinone derivatives as antimicrobial agent. R. S. Lodhi and co-
workers63 have been synthesized and studied antimicrobial, antiinflammatory and
analgesic property of 4-thiazolidinone and arylidene derivatives (X).
Recently, Dayam R. et al.64 have reported some novel thiazolidinone derivatives
as novel class of HIV- integrase inhibitors. Sonawane N. D. et al.65 have synthesized
some new thiazolidinone derivatives as in vivo pharmacology and antidiarrheal efficacy
of a thiazolidinone CFTR inhibitor in rodents. Shih M. H. et al.66 have described the
syntheses and evaluation of antioxidant activity of sydnonyl substituted thiazolidinone
and thiazoline derivatives(XI). Reigada D. et al.67 have reported some novel thiazolidinone
derivatives as release of ATP from retinal pigment epithelial cells involves both CFTR
and vesicular transport.
Moreover, Rao A. et al.68 have described some novel thiazolidinone derivatives
as 2-(2,6-dihalophenyl)-3-(pyrimidin-2-yl)-1,3-thiazolidin-4-ones as non-nucleoside
HIV-1 reverse transcriptase inhibitors. Muanprasat C. et al.69 have prepared some new
thiazolidinone derivatives as CFTR inhibitors.
R1= Aryl
Z = O, N, S
N N
NH
O
N
SR1
O
Z
(X)
N
S
NH
O
R3
O
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R2
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Antimicrobial activity of some pyrazine containing thiazolidinones (XII) have been
reported by Chandrakant G. Bonda70 and Paola Vicini and co-worker71 have synthesized
4-thiazolidinones (XIII) and reported their antimicrobial activity.
Furthermore, Salinas D. B. et al.72 documented the thiazolidinone derivatives as
CFTR inhibitor. Wang X. F. et al.73 have synthesized some novel thiazolidinone derivatives
described as new cystic fibrosis transmembrane conductance regulator inhibitor on Cl-
conductance in human sweat ducts. Ur F. et al.74 have constructed some new 6-
methylimidazo[2,1-b]thiazole-5-carbohydrazide derivatives and their antimicrobial
activities.
Maclean D. et al.75 have reported thiazolidinone library as agonists of the follicle
stimulating hormone receptor (XIV). Thiagarajah J. R. et al.76 have synthesized a small
molecule as CFTR inhibitor.
Thiagarajah J. R. et al.77 have been reported as intestinal ion and fluid secretion
by a small-molecule CFTR inhibitor. Taddei A. et al.78 have been constructed some new
thiazolidinone as CFTR inhibition. AA. el-Tombary79 have reported antituterotrophic
activity of some estradiol derivatives containing 4-thiazolidinone moiety.
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Antimproliferative activity of 2-aryl-4-oxo-thiazolidin-3-yl-amides (XV) for
prostate cancer have been reported by Veeresa Gududuru et al.80 Romulo P. Tenorio et
al.81 have synthesized 4-thiazolidinones derivatives (XVI) and reported their in vitro
antitoxoplasma gondii activity.
These valid observations led us to explore thiazolidinones chemistry by synthesizing
its derivatives bearing pyrazole moiety of medicinal value in order to achieve better
therapeutic agents. It has been described in the following section.
SECTION - I : SYNTHESIS AND THERAPEUTIC EVALUATION OF 2-
ARYLIMINO-3-ARYL-5-[5'-(m-CHLORO-p-FLOURO
PHENYL)-2'-FURYLIDENE]-4-THIAZOLIDINONES
S N
NH(CH2)nCH3
O
Aryl
O
(XV)
N
N N
S
R
O
HOOC
O2N
(XVI)
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SECTION - I
SYNTHESIS AND BIOLOGICAL EVALUATION OF 2-ARYLIMINO-3-
ARYL-5-[5‘-(m-CHLORO-p-FLOURO PHENYL)-2’-FURYLIDENE]-4-
THIAZOLIDINONES
With a view to getting better therapeutic agents and considering the
association of various biological activities of thiazolidinone heterocycles, the
preparation of arylidenes of Type (IX) have been undertaken by the condensation
of 5-(m-chloro-p-flourophenyl)-2-furaldehyde with different 2-arylimino-3N-aryl-
5H-4-thiazolidinones.
The constitution of the synthesized products have been characterized by using
elemental analyses, infrared and 1H-nuclear magnetic resonance spectroscopy and
further supported by mass spectroscopy.
All the products have been screened for their in vitro biological assay like
antibacterial activity towards Gram positive and Gram negative bacterial strains
and antifungal activity towards Aspergillus niger at a concentration of 40 µg/ml.
The biological activities of the synthesized compounds were compared with standard
drugs. The details have been cited in Part-I, Section-I (D).
S
O
RR
gla. CH3COOHO
CHO
Cl
F
O
S
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R
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IR SPECTRAL STUDIES OF 2-(p-TOLYLIMINO)-3-(p-TOLYL)-5-[5'-(m-
CHLORO-p-FLOUROPHENYL)-2'-FURYLIDENE]-4-THIAZOLIDINONE
Instrument : SHIMADZU-FT-IR 8400-Spectrophotometer ; Frequency range : 4000-400
cm-1 (KBr disc.)
30.0
40.0
50.0
60.0
70.0
80.0
90.0
100.0
%T
500.0750.01000.01250.01500.01750.02000.03250.0
1/cmarylidine
422.4
462.9
513.0
619.1
648.0
711.7
798.5
823.5
860.2
941.2
970.1
1026.1
1105.1
1151.4
1168.8
1234.4
1265.2
1363.6
1404.1
1454.2
1477.4
1508.2
1633.6
1706.9
2854.5
2962.4
3039.6
3417.6
Observed
Alkane C-H str. (asym.) 2962 2975-2950 82
-CH3 C-H str. (sym.) 2854 2880-2860 ,,
C-H i.p.def. (asym.) 1454 1475-1435 ,,
Aromatic C-H str. 3039 3080-3030 83
C=C str. 1508 1520-1480 ,,
C-H i.p.def. 1026 1070-1000 ,,
C-H o.o.p.def. 823 835-810 ,,
Furyl moiety C-O-C str. (sym.) 1265 1275-1200 82
C-O-C str. (asym.) 1026 1075-1010 ,,
C-F str. 1363 1300-1100 ,,
C-Cl str. 798 800-750 83
Thiazo- C=O str. 1706 1760-1665 ,,
lidinone S-C=N str. 1633 1640-1605 ,,
C-N str. 1168 1220-1020 ,,
C-S-C str. 648 700-600 82
Arylidine =CH i.p. 1363 1420-1290 ,,
=CH o.o.p. 823 860-820 ,,
Type
Reported
Frequency in cm-1
Vibration
Mode
S
N
O
N
O
Cl
F
CH3
CH3
Ref.
Design and Synthesis ...
Studies on Thiazolidinones...
180
NMR SPECTRAL STUDIES OF 2-(p-ANISYLIMINO)-3-(p-ANISYL)-5-[5'-(m-
CHLORO-p-FLOUROPHENYL)-2'-FURYLIDENE]-4-THIAZOLIDINONE
b
a
c
f f'
g g'
d
d'
e
e'
x
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N
S
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N
O
OCl
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CH3
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EXPANDED AROMATIC REGION
1 3.77 3H singlet Ar-OCH3 -
2 3.82 3H singlet Ar-OCH3 -
3 6.94-7.00 4H multiplet Ar-Hf,f ’,d,d’ -
4 7.08 2H doublet Ar-He,e’ Jde = 9.0
5 7.16 1H doublet furyl-H J = 3.6
6 7.37 1H doublet furyl-H J = 3.6
7 7.43 2H doublet Ar-Hg,g ’ Jfg = 8.7
8 7.62 1H singlet -CHx -
9 7.64-7.70 3H multiplet Ar-Habc -
Signal
No.
Signal Position
(ppm)
Relative No.
of protons
Multiplicity J Value
In Hz
Instrumental Standard : TMS; Solvent: CDCl3 ; Instrument : BRUKER Spectrometer
(300MHz)
ba
c
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Inference
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EXPERIMENTAL
SYNTHESIS AND BIOLOGICAL EVALUATION OF 2-ARYLIMINO-3-ARYL-
5 - [ 5 ‘ - ( m - C H L O R O - p - F L O U R O P H E N Y L ) - 2 ’ - F U R Y L I D E N E ] - 4 -
THIAZOLIDINONES
[A] Synthesis of 5-(m-Chloro-p-flourophenyl)-2-furaldehyde
See, Part-I, Section-(A)
[B] Synthesis of Bis-(p-methoxyphenyl)thiourea
84
A mixture of p-methoxy aniline (2.46 gm, 0.02 mol) and carbondisulphide
(2.28 gm, 0.03 mol) in absolute ethanol was heated at 40oC in waterbath for 12
hrs. The mixture solidified on completion of reaction, the excess of the solvent
was removed by distillation. The crude product was treated with dil. HCl and
crystallized from rectified spirit. Yield, 80%, m.p. 157oC. Anal. Calcd. for
C15H16 N2O2S; Requires: C, 62.48; H, 5.59; N, 9.71%; found : C, 62.45; H, 5.58;
N, 9.68%.
[C] Synthesis of 3-(p-Methoxyphenyl)-2-[(p-methoxyphenyl)amino]-1,3-
thiazolidin-4-one
85
A mixture of Bis-(p-methoxyphenyl)thiourea (2.88 gm, 0.01 mol),
chloroaceticacid (0.94 gm, 0.01 mol) and sodium acetate (1.23 gm, 0.015 mol) in
glacial acetic acid (30 ml) was refluxed on oil bath for 10 hrs. The reaction mixture
was poured into ice water and kept overnight. The crude product was isolated and
crystallized from glacial acetic acid. Yield, 76%, m.p. 173oC. Anal. Calcd. for
C17H18 N2O3S; Requires: C, 61.80; H, 5.49; N, 8.48 %; found : C, 61.78; H, 5.44;
N, 8.47 %.
[D] Synthesis of 2-[(p-Methoxyphenyl)amino]-3,N-(p-methoxyphenyl)-5-
[5'-(m-chloro-p-flourophenyl)-2'-furylidene]-4-thiazolidinone
A mixture of 5-(m-chlorop-flourophenyl)-2- furaldehyde (2.24 g, 0.01 M), 3-
(p-methoxyphenyl)-2-[(p-methoxyphenyl)amino]-1,3-thiazolidin-4-one (3.30 gm,
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0.01 mol) and fused sodium acetate (1.4 gm, 0.02 mol) in glacial acetic acid was refluxed
for 8 hrs. The solid thus obtained was filtered and crystallized from DMF. Yield 59%,
m.p. 217oC. Anal. Calcd for C 28H20ClFN2O4S ; Requires : C, 62.86; H, 3.77; N,
5.24 %; Found : C, 62.83; H, 3.72; N, 5.21 %.
Similarly other 2-arylamino-3,N-aryl-5-[5'-(m-chloro-p-flourophenyl)-2'-
furylidene]-4-thiazolidinones were prepared. The physical data are recorded in Table
No. 10.
[E] Antimicrobial activity of 2-Arylimino-3,N-aryl-5-[5'-(m-chloro-p-flouro
phenyl)-2'-furylidene]-4-thiazolidinone
Antimicrobial testing was carried out as described in Part-I, Section-I (D).
The zone of inhibition of the test solutions are recorded in Graphical Chart No. 10.
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INTRODUCTION
The five membered heterocyclic ring system 5-oxo-imidazoline have two
nitrogen atom at 1 and 3-positions and a carbonyl group at 5-position.
The discovery of the 2-substituted-5-imidazolines dates back to the year 1888,
when A. W. Hoffman1 for the first time discovered 5-oxo-imidazoline by heating
N’-diacetylethylene diamine in a stream of dry hydrogen chloride. Moreover, some
compounds were prepared by A. Ladenburg
2
by the fusion of two equivalents of
sodium acetate with one equivalent of ethylene diamine dihydrochloride.
In acetolactate synthase (ALS), the enzymes in the biosynthetic pathway of leucine,
isoleucine and valine herbicides are imazapic and imazaquin.
SYNTHETIC ASPECT :
Various methods have been reported for the synthesis of imidazolinones in
literature.3 Aminolysis of oxazolone with amine leads to the formation of
imidazolinones which has been reported in literature.
4
1. All imony et a l .
5
have synthes ized new imidazol inone derivat ives by
conventional method.
(I)
N
N
H
O
N
N
NH
CH3
OH
O
O
CH3
CH3
CH3
imazapic
N
N
NH
OH
O
O
CH3
CH3
CH3
imazaquin
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2. A. Saxena et al.
6
have synthesized new imidazolinones (II).
3. Feng-J un-Cai e t a l .
7
have repor t ed 5- imidazo l inone der ivat ives by
microwave irradiation.
4. Hisato Takeuchi et al.
8
have synthesised imidazolinones by the reaction of azido
substituted imides with triphenylphosphine or tributylphosphine.
5. Laszlo Varga et al.
9
have synthesized imidazolinone (IV) by the reaction of
chalcone and guanidine.
MECHANISM :
Azalactone reacts with variety of compounds such as water, alcohols, amines
and hydrogen halides. Amides of -acylamino acryclic acids obtained from the
condensation of azalactone and primary amines can be converted into imidazolinones as
shown in equation (V). The ring closer can be affected under a variety of conditions.
O
N
O
Ar
Cl
NHNH2
O
Dry Pyridine
ONH
N
N
O
Ar
Cl
(II)
R3
N R1
N3 R2
O O
N
N
R1
R2
R3
O
Ph3P or Bu3P
(III)
Ar1
O
Ar2
+ NH2 NH2
NH
EtOH, 50% aq. KOH
30% aq. H2O2
N
N
H
O
NH2
Ar1
Ar2
(IV)
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N
O
O
X
R
R'-NH2 NH
X
R
O
NHO
R'
POCl3
N
N
O
R
R'X
R’-NH2, DryC5H5N/Abs. C2H5OH, K2CO3
Substituted anilides have been converted to imidazolinone derivatives by the action of
POCl3.
THERAPEUTIC IMPORTANCE :
Naphazoline hydrochloride, xylometazoline hydrochloride etc. are various
imidazolinone derivatives which have been used as adrenergic stimulants and
tolazoline and phenotolamine as adrenergic blocking agents. Various imidazolinones
are known to exhibit a broad spectrum of biological activities such as,
1. Anticonvulsant10,11
2. Antiinflammatory12-14
3. Antimicrobial15
4. Antiviral16
5. Antiparkinsonian17,18
6. Anthelmintic19
7. Antihistaminic20
8. Anticancer21,22
9. Antidiabatic23
10. Antitubercular24
11. Bactericidal25,26
12. Glucagon antagonists27
13. Hypertensive28
(V)
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14. Fungicidal
29,30
15. Insecticidal
31
16. Potent CNS depressant
32,33
17. Sedative and hypnotics
34
18. Thrombin inhibitor
35
Rama Sharma and co-workers
36
have formulated 5-oxo-imidazolines possessing
potential antimicrobial activity. Imam Hidayat et al.
37
have reported ALS-inhibitory activity
of imidazolinones. Keun-Jin Oh et al.
38
have investigated some imidazolinone derivatives
abolished the enzymatic activity as well as the binding affinity for the cofactor FAD
(Flavin adenine dinucleotide). Solankee A.
39
have synthesised some imidazolinone
derivatives (VI) and screened for their anticancer activity.
Zhong Jin
40
has found imizoline derivatives (VII) as cytoxic towards several tumor
cell lines.
Irene M. L. et al.
41
have investigated some imidazolinone derivatives possessing
antireteroviral activity. Lee Jin Ho et al.
42
have formulated imidazolinones which showed
an excellent anticancer effect by inhibit ing an activity of FTase (protein
farnesyltransferase).
N
N
N
N
O
Ph
CH3CH3
Ph
OAr
(VI)
NH
N
N
NH3CO
OCH3
OCH3N
O CH3
O
(VII)
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Ozaki Satoshi et al.43 have reported imidazolinones useful as analgesic and
antagonists. Wepplo Peter John et al.44 have prepared imidazolinones showing herbicidal
activity. El-Sayed A. S.45 have synthesised imidazolinone derivatives (VIII) and screened
for their antibacterial and antifungal activities.
C. Alister and co-workers46 have documented herbicidal activity of imidazolinone
derivatives. E. Jayachandran et al.47 have reported imidazolinones as antimicrobial agents.
Aleksey N. Vasiliev et al.48 have synthesised imidazolinone derivatives (IX) and reported
their herbicidal activity.
Moreover Yoneda Naoto et al.49 have synthesized imidazolinones as
antihypertensive agent. R. C. Dage et al.50 have documented cardiotonic imidazolones.
Rossello et al.51 have prepared imidazolones as antifungal agent. Cooper A. B. and co-
workers52 have found that imidazolones are inhibitors of farnesyl proteing transferase.
Machii Daisuke et al.53 have synthesized new imidazolones as a telomeres inhibitors and
antitumor agents. Jean M. R. et al.54 have synthesized imidazolones and tested as
antileishmanial agent. Griffiths G. J. and co-workers 55 had prepared imidazolinone
derivatives and reported as angiotensin II antagonist losartan.
O
O2N
N
N
O
SO2NHR1
R
(VIII)
N
N
H
N
O
CH3
CH3
CH3
COOHR
R'
(IX)
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V. Akyoshi et al.
56
have prepared some new imidazolinone derivatives (X) and
reported their herbicidal activity. Agrochemical activity of imidazolinones have been
reported by Bascou J. and co-workers.
57
Chafiq Hamdouchi et al.
58
have reported imidazolinones and screened for their
potent and broad spectrum activity. Irene M. L. et al.
59
have patented imidazolinones as
antireteroviral activity (XI). Geirge V. De Lucca
60
have reported imidazolinone as
excellent HIV-protease inhibitors (XII).
Xu Zhi-Feng et al.
61
have synthesized imidazolinones as biological agent.
Farmshow Christopher Geoffrey et al.
62
and B. Pilkington et al.
63
have prepared and
studied antifungal activity of imidazolinones. L. Joseph Peter and co-workers64 have
synthesized substituted imidazolinones which inhibited the abnormal cell growth in human
body. Stefama Lauter and co-workers
65
have isolated imidazoline from different methods
and tested for the treatment of cytokine release. Imidazoline derivatives have been
prepared by Declera Erickl and co-workers
66
showing anti-HIV activity. Kalluraya B.
et al.
67
have synthesized imidazolinone derivatives and tested for their antibacterial,
antiinflammatory and analagesic activities.
N
O
N
CH3
N
H
NH
OH
CH3
CH3
CH3
(X)
S N
N
CH3
CH3
Cl Cl
O
NH2
O
(XI)
O
R
H9C4
H9C4
R
(XII)
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Ding Ming-Wu et al.
68
have prepared novel imidazolines and reported their
antifungal activity. K. K. Awashthi et al.
69
(XIII) have synthesized some new imidazolinone
derivatives and reported their antimicrobial activity.
Rama Sharma and co-workers
70
have reported antimicrobial activity of 5-oxo-
imidazolines (XIV).
Kolhe Vishnu et al.
71
have reported anti-AIDS, antibacterial and fungicidal activity
of 5-oxo-imidazolines. B. R. Shah and co-workers72 have prepared some new
imidazolines and reported anticancer and anti-HIV activity. Joanne J. Bronson et al.
73
have reported imidazolinone derivatives (XV) as antibacterial agents
S
NH NH
N N
CH3
CH3
OR
(XIII)
N
N
NH N
N
O
N
R2
R1
R3
(XIV)
N N
O
O
NH
O
CH3
CH3
CH3
CH3
CH3
H9C4
HOOC
(XV)
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With a view to getting better therapeutic agent, it was contemplated to synthesize
imidazolinones to enhance the overall activity of resulting compounds which have been
described as under.
SECTION - I : SYNTHESIS AND THERAPEUTIC EVALUATION OF 1-
ARYL-2-PHENYL-4-[5'-(m-CHLORO-p-FLOUROPHENYL)-
2'-FURYLIDENE]-5-OXO-IMIDAZOLINES
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SECTION - I
SYNTHESISAND THERAPEUTIC EVALUATION OF 1-ARYL-2-PHENYL-4-
[5’-( m-CHLORO-p-FLOUROPHENYL)-2’-FURYLIDENE]-IMIDAZOLIN-5-
ONES
Imidazolinones represent one of the most active class of compounds having
a wide spectrum of biological activities. With an aim to getting better therapeutic
agent, the preparation of 5-oxo-imidazolines of Type (X) have been undertaken by
the condensation of azalactone with different aromatic amines as shown in reaction
scheme.
The constitution of the synthesized products have been characterized by using
elemental analyses, infrared and 1H-nuclear magnetic resonance spectroscopy and
further supported by mass spectroscopy.
All the products have been screened for their in vitro biological assay like
antibacterial activity towards Gram positive and Gram negative bacterial strains
and antifungal activity towards Aspergillus niger at a concentration of 40 µg/ml.
The biological activities of the synthesized compounds were compared with standard
drugs. The details have been cited in Part-I, Section-I (D).
R1-NH2
Pyridine
O
ON
O
F
Cl
O
NN
O
R1F
Cl
Type-(X) R 1 = Aryl
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IR SPECTRAL STUDIES OF 1-(p-TOLYL)-2-PHENYL-4-[5'-(m-CHLORO-p-
FLOUROPHENYL)-2'-FURYLIDENE]-IMIDAZOLIN-5-ONE
Instrument : SHIMADZU-FT-IR 8400-Spectrophotometer ; Frequency range : 4000-400
cm-1 (KBr disc.)
Observed
Alkane C-H str. (asym.) 2956 2975-2950 69
-CH3 C-H str. (sym.) 2873 2880-2860 ,,
C-H i.p.def. (asym.) 1458 1475-1435 ,,
C-H o.o.p.def. (sym.) 1375 1390-1360 ,,
Aromatic C-H str. 3026 3080-3030 70
C=C str. 1510 1520-1480 ,,
C-H i.p.def. 1022 1070-1000 ,,
C-H o.o.p.def. 827 835-810 ,,
Furyl moiety C-O-C str. (sym.) 1257 1275-1200 70
C-O-C str. (asym.) 1022 1075-1010 ,,
C-Cl str. 779 800-750 69
C-F str. 1375 1300-1100 ,,
Imidazolinone C=O str. 1714 1760-1655 ,,
C=N str. 1637 1640-1500 ,,
C-N str. 1166 1220-1020 ,,
Type
Reported
Frequency in cm-1Vibration
Mode
0.0
20.0
40.0
60.0
80.0
100.0
120.0
%T
500.0750.01000.01250.01500.01750.02000.03250.0
1/cmIMIDA ZOLINE
443.6
482.2
511.1
526.5
551.6
592.1
623.0
678.9
719.4
738.7
779.2
794.6
827.4
873.7
921.9
970.1
1022.2
1058.8
1105.1
1151.4
1166.9
1209.3
1257.5
1307.6
1375.2
1419.5
1458.1
1510.2
1568.0
1637.5
1714.6
2835.2
2873.7
2956.7
3026.1
3411.8
O
Cl
F
N
N
O
CH3
Ref.
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NMR SPECTRAL STUDIES OF 1-N-(p-TOLYL)-2-PHENYL-4-[5'-(m-
CHLORO-p-FLOUROPHENYL)-2'-FURYLIDENE]-IMIDAZOLIN-5-ONE
O
F
Cl
N
N
O
CH3
a
b c
x
d
d'
e
e'
f
g
h
i
j
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EXPANDED AROMATIC REGION
1 2.44 3H singlet Ar-CH3 -
2 6.73 1H doublet furyl-H J = 3.6
3 6.78 1H doublet furyl-H J = 3.3
4 7.18 1H doublet Ar-Ha Jab = 8.4
5 7.24 1H doublet Ar-Hc -
6 7.32 2H doublet Ar-He,e’ Jde = 8.1
7 7.46 1H singlet -CHx -
8 7.52-7.64 5H multiplet Ar-Hf,g,h,i,j -
9 7.79 1H double doublet Ar-Hb Jba = 6.3
Jbc = 2.1
10 7.97 2H doublet Ar-Hd,d ’ Jgf = 8.2
Signal
No.
Signal Position
(ppm)
Relative No.
of protons Multiplicity
Inference J Value
In Hz
Instrumental Standard : TMS; Solvent: CDCl3 ; Instrument : BRUKER Spectrometer
(300MHz)
O
F
Cl
N
N
O
CH3
a b
c
x
d
d'
e
e'
f
g h
i
j
Design and Synthesis ...
Studies on Imidazolinones...
205
M
A
S
S
S
PE
C
T
R
A
L
ST
U
D
IE
S
O
F
1-
(p
-T
O
LY
L
)-
2-
P
H
E
N
Y
L
-4
-[
5'
-(
m
-C
H
L
O
R
O
-p
-F
L
O
U
R
O
P
H
E
N
Y
L
)-
2'
-F
U
R
Y
L
ID
E
N
E
]-
IM
ID
A
Z
O
L
IN
-5
-O
N
E
M
/Z
=
45
6
Design and Synthesis ...
Studies on Imidazolinones...
206
EXPERIMENTAL
SYNTHESIS AND THERAPEUTIC EVALUATION OF 1-ARYL-2-PHENYL-4-
[5’-( m-CHLORO-p-FLOUROPHENYL)-2’-FURYLIDENE]-IMIDAZOLIN-5-
ONES
[A] Synthesis of 5-(m-Chloro-p-flourophenyl)-2-furaldehyde
See,Part-I, Section-I (A)
[B] Synthesis of 4-Oxo-2-phenyl-5-[5'-(m-chloro-p-flourophenyl)-2'-
furylidene]-oxazole
A mixture of 5-(m-chloro-p-flourophenyl)-2-furaldehyde (5.6 g, 0.025 M),
benzoyl glycine (4.47 g, 0.025 M), acetic anhydride (7.6 ml, 0.075 M) and sodium
acetate (2.0 g) was heated on a waterbath for 4 hrs. Resulting mass was poured into
water, filtered and crystallised from methanol. Yield 65%, m.p. 210oC.
[C] Synthesis of 1,N-p-Tolyl-2-phenyl-4-[5'-(m-chloro-p-flourophenyl)-2'-
furylidene]-imidazolin-5-one
To a solution of 4-oxo-2-phenyl-5-[5'-(m-chloro-p-flourophenyl)-2'-
furylidene]-oxazole (3.84 gm, 0.01 mol) and aniline (1.27gm, 0.01 mol) in dry
pyridine (25 ml) was refluxed for 12 hrs. on oil bath. The content was poured on to
crushed ice and neutralized with HCl, the isolated product crystallized from dioxane.
Yield 62%, m.p. 245oC. ( C27H18ClFN2O2; Requires: C, 70.98; H, 3.97; N, 6.13%;
Found : C, 70.94; H, 3.96; N, 6.10%).
Similarly other 1,N-aryl-2-phenyl-4-[ 5'-(m-chloro-p-flourophenyl)-2'-
furylidene]-imidazolin-5-ones were prepared. The physical constants are recorded
in Table No. 10.
[D] Antimicrobial activity of 1,N-aryl-2-phenyl-4-[5'-(m-chloro-p-flourophenyl)-
2'-furylidene]-imidazolin-5-one
Antimicrobial activity was carried out as described in Part-I, Section-I (D). The
zone of inhibition of the test solutions are recorded in Graphical Chart No. 10.
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INTRODUCTION
In 1,4-dihydro pyridine, substituted nitrogen atom is present at one position and
hydrogen atom at four position of the six membered hetrocyclic ring which can be rep-
resented as under.
R1 , R4 = Alkyl / Aryl
R2 , R6 = Methyl
R3, R5 = Carbmethoxy/
Carbethoxy
1,4-Dihydro pyridine contribute as an important class of compound in medici-
nal chemistry, leading to several new drugs currently widely used especially as calcium
channel antagonis1 and other cardiovascular diseases also.
SYNTHETIC ASPECT :
(1) B. Chekavichus et al.2 have proposed following kind of successive intermidiate
in the Hantzsch synthesis of 1,4-dihydro pyridines as depicted as under.
N
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(B)(C)R,R1= Alkyl / Aryl
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(2) By the condensation of aromatic or aliphatic aldehydes with acetoacetate and
aromatic or aliphatic amine in presence of pyridine.3,4
(3) By the condensation of aliphatic or aromatic aldehydes with 3-amino crotonate
and 1,3 -diketone.5-11
(4) By the condensation of arylidine with 3-aminocrotonate.12
(5) By the condensation of aliphatic or aromatic aldehydes with various 1,3-
diketones in presence of ammonia or ammonium carbonate.13-15
(6) Shengkao Ko et al.16 have synthesized 1,4-dihydropyridine by one pot reaction,
catalyse by iodine at room temperature.
It has been observed that in the presence of piperidine as a catalyst, pyran was
formed as an intermediate by the cyclocondensation of aliphatic or aromatic aldehydes
with 1,3-diketones, followed by the dehydration of pyran through the reaction with ali-
phatic or aromatic amines affored final product. Formation of intermediate is proved by
1H NMR and Mass spectral data.
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MECHANISM :
O
CH3 O
EtO
H
O
CH3 O
EtO
+:B
-BH
O
H R
O
CH3 O
EtO
OH
H
H
+
O
CH3O
OEt
O
CH3 OH
EtO
O
OEt
O
CH3
NH2
H
O
CH3
EtO
OH
OEt
O
CH3
N
H
N
H
CH3
CH3 CH3
CH3
OH
O OH
N
H
CH3
CH3 CH3
O O
CH3
O
CH3 O
EtO
O
OEt
O
CH3
NH3
O
CH3 OH
EtO
O
OEt
O
CH3
H3N
Design and Synthesis ...
Studies on 1,4-Dihydro-Pyridines...
217
(1) Abstraction of proton by base from ethyl aceto acetate form nucleophile.
(2) Attack of nucleophile on aldehyde molecule to yield bis-keto ester.
(3) Condensation of NH3 with bis-keto ester with removel of water molecule to give
1,4 dihydro pyridine derivative.
THERAPEUTIC IMPORTANCE
The research on 1,4-dihydropyridine system is of current interest due to their
valuable activities as calcium channel antagonist, vasodilator, cardiovascular etc. beside
the currently established drugs Nifedipine,17,18 Nicardipine.19,20 Many dihydropyridine
derivatives have been synthesized world wide21,22 and have led to numerous second
generation commercial product.23,24 such as Nimodipine,25,26 Nisodipine,27 Nitrendipine,28
Amlodopine,29 Felodipine,30 Isradipine,31 Manidipine32 and Nelvadipine.33 Some of their
compounds are characterized by longer bioactivity of greater tissue selectivity.1,4-
dihydropyridine derivatives are associated with diverse biological activities viz.
(1) Antiarythemic34
(2) Antiinflammatory35
(3) Antiallergic36
(4) Antiulcer37
(5) Antitumor38
(6) Antitubercular agents39
(7) Calcium channel antagonist40
(8) Enzymetic41,42
(9) Vasodilator43
I. Nadeem et al.44 (I) have demonstrated the structure function relationship of cal-
cium channel and photo induced relaxation of novel 1,4-dihydro pyridines. Activities
of calcium channel antagonists invitro were detected and gave such conclusion about
structure-activity relationship (SARs).
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(1) Relative potency order for C-4 phenyl substituents is ortho and meta is greater
then pera.
(2) C-3 nitro substitutents decrease calcium channel antagonist activity.
G. Charles et al.45 (II) have synthesized 1,4-dihydropyridines for treatment
of prostatic hyperplasia. 1,4-Dihydropyridine containing 3-methoxy-flavone moiety (III)
have synthesized by Roberta Budriesi et al.46 and reported as calcium channel modula-
tors.
More recently B. M. Khadikar et al.47 prepared 1,4-dihydro pyridine deriva-
tives (IV) and tested its biological activity.
Out of many 1,4-dihydro pyridine drugs only Flordipine (V) is N-substituted
derivative that has proved to be very good calcium channel antagonist, contrary to be
belief proposed by D. J. Triggle 48 that N-substituted 1,4-dihydro pyridine was not shown
good antihypertensive activity , probably the concept of that time and -NH was belived to
essential for calcium channel antagonism.
N
H
R1 R2
CH3CH3
N
H
CH3
NO2
COOHH2NOC
CH3
O
O
OCH3
N
H
COOC2H5
CH3CH3
H5C2OOC
R1, R2 = COOMe/COOEt(I)
(II) (III)
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N-methyl nimodipine (VI) was found to possess antidepressive 49 characteristics
(20 mg.P.O reduce the immobile phase by approximately 22% comparison to control
values), which provides excellent example of mechanism of action similar to that of
Flordipine.
V. Michael et al.50 prepared antihypertensive and coronary vasodilator N-sub-
stituted 1,4-dihydro pyridines (VII).
A. Zarghi et al.51 have synthesized pyridine derivatives and reported their calciam
antagonist activity. Adam Daich et al.52 prepared calcium antagonist effect of 1,4-dihydro
pyridine (VIII) and Margarita Suarez et al.53 prepared calcium antagonist modula-
tors 1,4-dihydro pyridines (IX).
N
NO2
OCH3
CH3 O
CH3
CH3 CH3
COOC3H7
N
NO2
NH
CH3
CH3
OH
CH3 CH3
COOEtEtOOC
N
H
OH
N
N
R
CH3CH3
COOR1R2OOC
N
H2C
CH2
CF3
COOEt
CH3CH3
EtOOC
ON
R1, R2 = Me/Et
R = Aryl/Akyl (V)(IV)
(VI) (VII)
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Bhavin Desai and co-workers54 have reported pyridine derivatives (X) as poten-
tial antitubercular agents.
Mosami Kawase and co-workers55 have documented dihydropyridine derivatives
(XI) as MDR Reversal in tumor cells. Anil K. Chhillar et al.56 have synthesized
dihydropyridine derivatives (XII) and reported their antimicrobial and antifungal activity.
Stephen C. Textor et al.57 have reported dihydropyridine derivatives as calciam
chennel blocking agents.
N
H
CH3CH3
NH
OO
NH
H
R
R1 R2
N
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CH3CH3
COPhPhOC
Cl
N
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CH3CH3
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H
CH3
O
O
OCH3
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Carlos Velazquez and Edward E. Knaus58 have reported pyridine derivatives
(XIII) as potential treatment of congestive heart failure.
Sing Yuen Sit et al.59 have synthesized novel dihydropyridine derivatives (XIV)
as NPY antagonists.
Andreas Hilgeroth and co-workers60 have synthesized 1,4-dihydropyridine
derivatives as competitive HIV-1 protease inhibitors. 1,4-Dihydropyridine containing
3-methoxy-flavone moiety (XV) have synthesized by Roberta Budriesi et al. and reported
as calcium channel modulators.
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In light of wide varieties of biological activities exhibited by dihydropyridines, it
appeared of interest to synthesize dihydropyridines derivatives, in order to achieving
compounds having better therapeutic activity described as under.
SECTION-I : SYNTHESIS AND THERAPEUTIC EVALUATION OF
1-N-ARYL-2,6-DIMETHYL-3,5-DICARBMETHOXY-4-[5'-
(m-CHLORO-p-FLOUROPHENYL)-2' -FURYL]-1 ,4-
DIHYDROPYRIDINES
SECTION-II : SYNTHESIS AND THERAPEUTIC EVALUATION OF
1-N-ARYL-2,6-DIMETHYL-3,5-DICARBETHOXY-4-[5'-
(m-CHLORO-p-FLOUROPHENYL)-2' -FURYL]-1 ,4-
DIHYDROPYRIDINES
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SECTION-I
SYNTHESIS AND THERAPEUTIC EVALUATION OF 1-N-ARYL-2,6-
DIMETHYL-3,5-DICARBMETHOXY-4-[5' -(m-CHLORO-p-FLOURO
PHENYL)-2'-FURYL]-1,4-DIHYDROPYRIDINES
1,4-Dihydro-pyridine derivatives have considerable attention in view of their
potential pharmacological properties such as antimicrobial, anticonvulsant, anticancer,
etc. Led by these considerations, the synthesis of 1,4-dihydropyridines derivatives of
Type-(XI) has been undertaken. The synthesis was carried out by the condensation of
1-N-Aryl-3-[5'-(m-chloro-p-flourophenyl)-2'-furyl]-2-propene-1-ones with methyl
aceto acetate and different aromatic amines shown as under.
The structure elucidation of synthesized compounds have been done on the basis
of elemental analyses, infrared and 1H nuclear magnetic resonance spectroscopy and
further supported by mass spectrometry.
All the compounds have been evaluated for their in vitro biological assay
like antibacterial activity towards gram positive and gram negative bacterial strains
and antifungal activity towards Aspergillus niger at a concentration of 40 µg/ml.
The biological activities of synthesized compounds were compared with standard
drugs.
N
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O
CH3
O
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IR SPECTRAL STUDIES OF 1 -N-(p -TOLYL) -2 ,6 -D I M E T H Y L - 3 , 5 -
DICARBMETHOXY-4-[5'-(m-CHLORO-p-FLOUROPHENYL)-2'-FURYL]-
1,4-DIHYDROPYRIDINE
Instrument : SHIMADZU-FT-IR 8400-Spectrophotometer ; Frequency range : 4000-400
cm-1 (KBr disc.)
0.0
20.0
40.0
60.0
80.0
100.0
%T
500.0750.01000.01250.01500.01750.02000.03250.0
1/cmCHO+MA A +PT
466.7
524.6
549.7
607.5
628.8
669.3
711.7
729.0
763.8
794.6
817.8
883.3
941.2
962.4
1022.2
1049.2
1083.9
1128.3
1205.4
1267.1
1284.5
1338.5
1379.0
1431.1
1487.0
1508.2
1533.3157 .7
1610.5
1633.6
1699.2
2852.5
2923.9
2949.0
3024.2
3427.3
O
Cl
F
N
CH3
CH3
OO
CH3
O
O
CH3 CH3
Observed
Alkane C-H str. (asym.) 2949 2975-2950 61
-CH3 C-H str. (sym.) 2852 2880-2860 ,,
C-H i.p.def. (asym.) 1487 1475-1435 ,,
C-H o.o.p. def. (sym.) 1379 1390-1360 ,,
Aromatic C-H str. 3024 3080-3030 62
C=C str. 1508 1520-1480 ,,
C-H i.p.def. 1022 1070-1000 ,,
C-H o.o.p.def. 817 835-810 ,,
Furyl moiety C-O-C str. (sym.) 1267 1275-1200 61
C-O-C str. (asym.) 1022 1075-1010 ,,
C-F str. 1205 1300-1100 ,,
C-Cl str. 794 800-750 62
Pyridine N-H str. 3427 3500-3300 ,,
C=O str. 1699 1710-1650 ,,
C-N str. 1128 1220-1020 ,,
Type
Reported
Frequency in cm-1
Vibration
Mode
Ref.
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NMR SPECTRAL STUDIES OF 1-N-(p-TOLYL) -2,6-D I M E T H Y L - 3 , 5 -
D I C A R B M E T H O X Y- 4 - [ 5 ' - ( m - C H L O R O - p - F L O U R O PHENYL)-2'-
FURYL]-1,4-DIHYDROPYRIDINE
b
a
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f
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EXPANDED AROMATIC REGION
Signal
No.
Signal Position
(ppm)
Relative No.
of protons
Multiplicity Inference J Value
In Hz
Instrumental Standard : TMS; Solvent: CDCl3 ; Instrument : BRUKER Spectrometer
(300MHz)
ba
c
d
d'
e
e'
O
Cl
F
N
CH3
CH3
OO
CH3
O
O
CH3
CH3
f
f
g
g h
1 2.01 6H singlet Ar-CH3(f) -
2 2.39 3H singlet Ar-CH3(h) -
3 3.38 3H singlet -OCH3(g) -
4 4.34 4H singlet -CHx -
5 5.19 1H doublet furyl-H J = 3.1
6 7.18 1H doublet furyl-H J = 3.3
7 7.13 2H doublet Ar-Hd,d ’ Jde = 7.5
8 7.30 2H doublet Ar-He,e ’ Jed = 8.4
9 7.40-7.60 2H multiplate Ar-Ha,c -
10 7.75 1H double-doublet Ar-Hb Jba = 7.2
Jba = 2.1
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EXPERIMENTAL
SYNTHESIS AND THERAPEUTIC EVALUATION OF 3-ARYL-5-[5'-(m-
C H L OR O - p - FLO U R O PH EN Y L ) - 2 ' -FU RY L ] - 6 -C A R B M E T H OX Y- 2 -
CYCLOHEXENONES
[A] Synthesis of 5-(m-Chloro-p-flourophenyl)-2-furaldehyde
See,Part-I, Section-I(A)
[B] Synthesis of 1-N-(p-Tolyl)-2,6-dimethyl-3,5-dicarbmethoxy-4-[5 ' -
(m-chloro-p-flourophenyl)-2 '-furyl]-1,4-dihydropyridines.
A mixture of 5-(m-chloro-p-flourophenyl)-2- furaldehyde (2.24 g, 0.01 M),
methyl acetoacetate (2.32 ml, 0.02 M) and p-toluidine (1.07gm, 0.01 M) in ethanol (30 ml)
was heated under refluxed condition for eight hrs. The reaction mixture was kept at
room temperature for two hrs. The yellow crystalline so product obtained was isolated
and recrystallized from ethanol. Yield 63%, m.p. 163oC. (C28H25ClFO5 required:
C, 65.95%; H, 4.94%; N, 2.75%; found: C, 65.94%; H, 4.92%; N, 2.71%;).
Similarly other 1-N-Aryl-2,6-dimethyl-3,5-dicarbmethoxy-4-[5'-(m-chloro-
p-flourophenyl)-2'-furyl]-1,4-dihydropyridines were prepared. The physical constants
are recorded in Table No. 11.
[C] Antimicrobial activity of 1-N-Aryl-2,6-dimethyl-3,5-dicarbmethoxy-
4-[5 '-(m-chloro-p-flourophenyl)-2'-furyl]-1,4-dihydropyridines.
Antimicrobial testing were carried out as described in Part-I, Section-I(D). The
zones of inhibition of test solution are reported in Graphical Chart No.11.
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SECTION-II
SYNTHESIS AND THERAPEUTIC EVALUATION OF 1-N-ARYL-2,6-
DIETHYL-3,5-DICARBETHOXY-4-[5'-(m-CHLORO-p-FLOUROPHENYL)-
2'-FURYL]-1,4-DIHYDROPYRIDINES
1,4-Dihydropyridine derivatives have considerable attention in view of their
potential pharmacological properties such as antimicrobial, anticonvulsant, anticancer,
etc. Led by these considerations, the synthesis of 1,4-dihydropyridines derivatives of
Type-(XII) has been undertaken. The synthesis was carried out by the condensation of
1-N-Aryl-3-[5 '-(m-chloro-p-flourophenyl)-2'-furyl]-2-propene-1-ones with ethyl
aceto acetate and different aromatic amines shown as under.
The structure elucidation of synthesized compounds have been done on the basis
of elemental analyses, infrared and 1H nuclear magnetic resonance spectroscopy and
further supported by mass spectrometry.
All the compounds have been evaluated for their in vitro biological assay like
antibacterial activity towards gram positive and gram negative bacterial strains and
antifungal activity towards Aspergillus niger at a concentration of 40 µg/ml. The
biological activities of synthesized compounds were compared with standard drugs.
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IR SPECTRAL STUDIES OF 1-N-(p-TOLYL) - 2 ,6-D IMETHYL-3,5-
DICARBETHOXY-4-[5'-(m-CHLORO-p-FLOUROPHENYL)-2'-FURYL]-1,4-
DIHYDROPYRIDINE
Instrument : SHIMADZU-FT-IR 8400-Spectrophotometer ; Frequency range : 4000-400
cm-1 (KBr disc.)
Observed
Alkane C-H str. (asym.) 2947 2975-2950 61
-CH3 C-H str. (sym.) 2854 2880-2860 ,,
C-H i.p.def. (asym.) 1473 1475-1435 ,,
Aromatic C-H str. 3049 3080-3030 62
C=C str. 1514 1520-1480 ,,
C-H i.p.def. 1041 1070-1000 ,,
C-H o.o.p.def. 823 835-810 ,,
Furyl moiety C-O-C str. (sym.) 1269 1275-1200 61
C-O-C str. (asym.) 1041 1075-1010 ,,
C-F str. 1290 1300-1100 ,,
C-Cl str. 800 800-750 62
Pyridine N-H str. 3419 3500-3300 ,,
C=O str. 1706 1710-1650 ,,
C-N str. 1201 1220-1020 ,,
Type
Reported
Frequency in cm-1Vibration
Mode
0.0
20.0
40.0
60.0
80.0
100.0
%T
500.0750.01000.01250.01500.01750.02000.03250.0
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491.8524.6
545.8
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1180.4
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1269.1
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NMR SPECTRAL STUDIES OF 1-N-(-p-ANISYL)-2,6-DIMETHYL-3,5-
DICARBETHOXY-4-[5'-(m-CHLORO-p-FLOUROPHENYL)-2'-FURYL]-1,4-
DIHYDROPYRIDINE
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EXPANDED AROMATIC REGION
Instrumental Standard : TMS; Solvent: CDCl3 ; Instrument : BRUKER Spectrometer
(300MHz)
1 1.23 6H triplet -CH3(f) -
2 2.38 6H singlet Ar-CH3(h) -
3 3.38 3H singlet Ar-CH3(i) -
4 4.34 4H qutrate -OCH2(g) -
5 5.19 1H singlet -CHx -
6 7.18 1H singlet furyl-H J = 3.6
7 7.29 1H singlet furyl-H J = 3.6
8 7.50-7.60 4H multiplate Ar-Hd,d ’e,e’ -
9 7.60-7.72 2H multiplate Ar-Ha,c -
10 7.88 1H double-doublet Ar-Hb Jba = 7.2
Jba = 2.1
Signal
No.
Signal Position
(ppm)
Relative No.
of protons
Multiplicity Inference
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In Hz
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EXPERIMENTAL
SYNTHESIS AND THERAPEUTIC EVALUATION OF 3-ARYL-5-[5'-(m-
C H L O R O - p - F L O U R O P H E N Y L ) - 2 ' - F U RY L ] - 6 - C A R B E T H O X Y- 2 -
CYCLOHEXENONES
[A] Synthesis of 5-(m-Chloro-p-flourophenyl)-2-furaldehyde
See,Part-I, Section-I(A)
[B] Synthes is of 1-N-(p-Toly l) -2,6-dimethyl-3 ,5-dicarbethoxy-4-[5 ' -
(m-chloro-p-flourophenyl)-2'-furyl]-1,4-dihydropyridines.
A mixture of 5-(m-chlorop-flourophenyl)-2- furaldehyde (2.24 g, 0.01 M), ethyl
acetoacetate (2.60 ml, 0.02 M) and p-toluidine (1.07gm, 0.01 M) in ethanol (30 ml) was
heated under refluxed condition for eight hrs. The reaction mixture was kept at room
temperature for two hrs. The yellow crystalline so product obtained was isolated and
recrystallized from ethanol. Yield 63%, m.p. 153oC. (C30H29ClFNO5 required: C,
66.97%; H, 5.43%; N, 2.60%; found: C, 66.94%; H, 5.39%; N, 2.56%;).
Similarly other 1-N-Aryl-2,6-dimethyl-3,5-dicarbmethoxy-4-[5'-(m-chloro-
p-flourophenyl)-2'-furyl]-1,4-dihydropyridines were prepared. The physical constants
are recorded in Table No. 12.
[C] Antimicrobial activity of 1-N-Aryl-2,6-dimethyl-3,5-dicarbethoxy-4-
[5 '-(m-chloro-p-flourophenyl)-2'-furyl]-1,4-dihydropyridines.
Antimicrobial testing were carried out as described in Part-I, Section-I (D). The
zones of inhibition of test solution are reported in Graphical Chart No.12.
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